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INTRODUCTION 
Opt ic  a t rophy s igni f ies  i r revers ible  wast ing  of  opt ic  nerve  axons .  Opt ic  
a t rophy i s  not  a  d isease  but  a  morpholog ic  sequel  of  d isease.  I t  may be  
caused by les ions  affec t ing  the  eye,  the  opt ic  ne rves ,  the  opt ic  ch iasm,  
the  opt ic  t r ac ts ,  the  la teral  genicula te  bodies ,  and somet imes  a lso  the  
supragenicula te  v isual  pathways .  Cl in ical  s igns  of  opt ic  a t rophy are  
ophtha lmoscopic  abnormal i t ies  of  co lour  and s tructure  of  the  opt ic  nerve  
head as  well  as  permanent ly  defec t ive  funct ion  of  t he  eye .  Objec t ive  d iag­
nosis  of  opt ic  a t rophy i s  la rgely  based on pal lor  of  the  opt ic  d isc .  Im­
por tan t  diagnost ic  and prognost ic  cons idera t ions  very  of ten  must  be  based 
on the  appearance  of  the  opt ic  d isc .  However ,  the  evaluat ion  of  opt ic  d isc  
co lour  by ophtha lmoscopy i s  notor ious ly  d i f f icul t .  
I t  has  been known for  more  than 60 years  tha t  i t  i s  poss ib le  to  observe  
bundles  of  nerve  f ibres  in  the  re t ina  by ophthalmoscopy in  red-f ree  l ight  
(Vogt ,  1913) .  Be  cause  of  the  convergence  of  nerve  fibres  towards  the  opt ic  
d isc ,  prominence  of  ne rve  f ibre  bundles  increases  centr ipe ta l ly  in  the  
fundus,  and i s  maximal  in  the  per ipapi l la ry  a rea .  Recent ly ,  i t  has  been 
shown that  loss  of  axons  can  be  more  accura te ly  evalua ted  from the  
ophtha lmoscopic  appearance  of  the  per ipapi l la ry  nerve  fibre  layer  than 
f rom the  appearance  of  the  opt ic  d isc .  These  defec ts  in  the  per ipapi l lary  
re t ina l  nerve  f ibre  layer  have  been descr ibed in  severa l  diseases ,  e .g .  
g laucoma (Hoyt  e t  a l .  ,  1973)  and mult ip le  sc leros is  (Fr isen  & Hoyt ,  1974) .  
Chiasmal  les ions  may be  associa ted  wi th  opt ic  d isc  pa l lor  due  to  descend­
ing degenera t ion  of  opt ic  nerve  fibres .  In  pa t ien ts  wi th  compress ion of  the  
chiasm due to  chromophobe adenoma,  for  ins tance ,  the  inc idence  of  d isc  
pal lor  ranges  be tween 49 and 72 per  cent ,  according to  the  l i tera ture .  I t  
i s  reasonable  to  assume that  changes  in  the  re t ina l  nerve  fibre  layer  a lso  
occur  in  these  pat ients .  Very  l i t t le  i s  known in  th is  regard .  I t  i s  poss ib le  
tha t  the  re t ina l  nerve  f ibre  layer  may convey more  accura te  informat ion 
about  anatomical  damage than the  opt ic  disc .  I f  so ,  the  poss ib i l i t ies  to  
predic t  visual  recovery  af te r  surgica l  decompress ion may be  improved.  
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AIMS OF THE PRESENT STUDY 
1.  To inves t iga te  the  occurrence  and appearance  of  re t ina l  
nerve  f ibre  layer  defec ts  in  pa t ients  wi th  vary ing degrees  
of  ch iasmal  compress ion due  to  chromophobe adenoma.  
2 .  To analyse  the  re la t ionsh ip  between the  funct iona l  defect  
and a  vis ib le  nerve  f ibre  layer  defec t  in  pat ien ts  wi th  
par t ia l  recovery  f rom chiasmal  les ions .  
3 .  To analyse  poss ib le  prognost ic  impl ica t ions  in  preopera t ive  
pat ients  wi th  ac t ive  ch iasmal  compress ion .  
SURVEY OF THE LITERATURE 
OPTIC ATROPHY 
General  cons idera t ions .  
Opt ic  a t rophy indica tes  i r revers ible  was t ing  of  t he  opt ic  nerve .  The h is to­
pathologic  charac ter i s t ics  a re  loss  of  axons  and shr inkage of  support ing  
t i ssue .  These  pathologica l  changes  of  the  opt ic  nerve  ref lec t  degenera t ion  
of  nerve  f ibres  in  the  anter ior  v isual  sys tem ( the  re t ino-genicu la te  pa th­
way) .  On ra re  occas ions ,  such a  degenera t ion  a lso  occurs  in  cases  with  
supragenicula te  les ions ,  so-ca l led  t rans-synapt ic  degenera t ion  (van Buren,  
1963a) .  Optic  a t rophy i s  no t  a  d isease  but  a  morphologic  sequel  of  a  spec­
t rum of  d iseases  and s i t es  of  les ions  (Walsh  & Hoyt ,  i  969)-
Opt ic  a t rophy may be  caused by any p rocess  tha t  i s  capable  of  des t roying 
axons .  Once ini t ia ted ,  degenerat ion  comprises  the  ent i re  axon,  i t s  
genicula te  connec t ions ,  and it s  gangl ion  ce l l  body in  the  re t ina .  Thus ,  an  
in ter rupt ion  of  axons  in  the  opt ic  chiasm wi l l  produce  a  descending ( re t ro ­
grade)  degenera t ion  inc luding the  gangl ion  ce l l  bodies ,  and an  ascending 
(wal le r ian)  degenera t ion  inc luding the  synapt ic  terminals  in  the  la tera l  
genicula te  body.  
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In  ascending degenera t ion ,  the  nerve  f ibres  d is ta l  to  the  les ion  d is in te­
grate  and d isappear  a t  a  ra te  propor t ional  to  the ir  d iameter .  This  has  
been clear ly  shown in  exper imental  s tudies  in  squi r rel  monkeys  by 
Anderson (1973) .  Ret ina l  nerve  f ibres  were  dest royed by photocoagulat ion  
in  a  r ing  surrounding the  opt ic  d isc .  In  large  opt ic  nerve  fibres  s igns  of  
ascending degenera t ion  were  seen a lready af ter  four  days .  Af ter  two 
weeks  s igns  of  degenera t ion  were  seen a l so  in  nerve  fibres  of  smal l  d iam­
eters .  The axonal  breakdown was  fo l lowed by a  col lapse  of  g l ia l  t i s sue  
and myel in  sheaths .  
Descending degenera t ion  s ta r ted  be tween four  and five  weeks  af ter  an  ex­
per imenta l  les ion  of  the  squi r re l  monkey op t ic  ne rve  a t  the  apex of  the  
orb i t  (Anderson,  1973) .  S ix  weeks  af ter  in jury ,  degenera t ion  comprised  
almos t  a l l  axons  in  the  opt ic  nerve .  The mi tochondr ia  of  the  axons  were  
condensed and aggregated  together  wi th  cr inkled  l ipoprote in  membranes .  
By e ight  weeks,  most  of  the  axons  wi th  myel in  shea ths  were  ent i re ly  d is ­
in tegra ted .  La te r ,  a  s lowly decreas ing amount  of  myel in  debr i s  was  found.  
The opt ic  nerve  decreased in  d iameter .  Longi tudina l  co lumns of  as t rocy tes  
replaced the  axon bundles .  In  t he  opt ic  d isc ,  as t rocy tes  invaded the  spaces  
previously  occupied  by bundles  of  nerve  f ibres .  Spie lmeyer  (1906)  i s  
credi ted  wi th  the  d iscovery  of  th is  type  of  as t rocyte  prol i fera t ion  in  op t ic  
a t rophy.  I t  i s  usual ly  ca l led  columnar  g l ios is  or  co lumnar  a t rophy.  An­
other  k ind of  opt ic  a t rophy,  cavernous  a t rophy,  lacks  the  g l ia l  prol i fe ra­
t ion .  Ins tead a  mucoid  degenera t ion  of  g l ia l  t i s sue  occurs ,  and c lear  pools  
of  watery  mater ia l  are  formed wi th in  the  spaces  previous ly  occupied  by 
axons .  Cavernous  a t rophy i s  common in  cases  wi th  a  longstanding op t ic  
nerve  i schemia .  I t  was  f i r s t  descr ibed in  g laucoma (Schnabel ,  1892) .  
Cl in ical  s igns  of  opt i c  a trophy.  
Cl in ical  s igns  of  opt i c  a t rophy inc lude  (1)  ophtha lmoscopic  abnormal i t ies  
of  co lour  and s t ruc ture  of  the  op t ic  nerve  head ,  and (2)  permanent ly  de­
fec t ive  funct ion  of  the  eye  (Walsh  & Hoyt ,  1969) .  
Ophthalmoscopic  d iagnosis  of  opt ic  a t rophy i s  la rgely  based on pal lor  of  
the  opt ic  d isc .  I t  is  genera l ly  be l ieved tha t  pa l lo r  der ives  f rom glia l  pro­
l i fera t ion ,  and/or  from reduced blood f low.  The func t ional  consequences  
of  a t rophy form a  wide  spec t rum as  exempl i f ied  by reduced v isual  acui ty ,  
co lour  v is ion  defec ts ,  and v isual  f ie ld  defects .  
Every  ophthalmologis t  now and then sees  a  pa t ien t  wi th  an  obvious ly  pa le  
opt ic  d isc  but  seemingly  normal  funct ion .  According to  Mooney (1964) ,  
th is  may be  expla ined by a  sca t tered  dis t r ibut ion  of  damaged axons ,  which 
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i s  ext raordinar i ly  d i f f icul t  to  record  with  present ly  avai lable  c l in ica l  tools .  
I t  h as  a lso  been sugges ted  tha t  a  pa le  opt ic  d isc  i s  compat ib le  with  a  nor ­
mal  opt ic  nerve  (Duke-Elder ,  1971) ,  but  his topathologica l  conf i rmation i s  
scarce .  Conversely ,  funduscopy in  pa t ients  wi th  i r revers ibly  defec t ive  
funct ion  of  l ong s tanding may disc lose  a  complete ly  normal  disc  colour .  
Evaluat ion  of  opt ic  d isc  colour  is  notor ious ly  d i f f icul t .  The  d i f f icul t ies  
comprise  evaluat ion ,  record ing ,  and longi tudina l  s tudy of  d isc  co lour .  
Mooney (1964)  suggested  three  grades  of  pa l lor  where  
(1)  the  pa l lo r  i s  s l ight  but  def in i te ,  
(2)  pa l lor  i s  more  marked but  not  absolu te ,  and 
(3)  the  d isc  i s  pure  whi te .  
Other  graduat ions  have  a lso  been proposed,  but  wi l l  not  be  d iscussed here .  
Walsh  & Hoyt  (1969)  cons idered  funduscopic  grading of  pa l lor  a s  a  meas­
ure  of  a t rophy of  l i t t le  pract ical  value .  
The opt ic  d isc  co lour  has  a lso  been evaluated  by photographic  methods  
(Schwar tz  e t  a l .  ,  1973)  and by color imetr ic  measurements  (Berkowitz  & 
Bai ter ,  1970) .  The  va lue  of  such methods  i s  l imi ted  by the  fac t  tha t  the  
d isc  ra rely  has  a  un i form colour .  
The opt ic  d isc  co lour  i s  no t  the  only  fac tor  tha t  has  been used to  assess  
a t rophy.  Kestenbaum (1946)  in t roduced a  capi l lary  count ing  tes t .  Accord­
ing to  h im,  the  average  number  of  smal l  vesse ls  pass ing over  the  d isc  
margin  in  normal  eyes  i s  about  ten .  In  descending opt ic  a t rophy the  num­
ber  of  smal l  vessels  i s  reduced to  seven or  s ix  o r  even less  (Kes tenbaum,  
1946) .  
Opt ic  d isc  pa l lor  in  compress ion of  the  chiasm.  
Pal lor  of  the  op t ic  d isc  is  a  common s ign in  compress ion of  the  ch iasm.  
The te rm compress ion impl ies  pr imar i ly  mechanica l  d isp lacement  and 
deformat ion of  the  ch iasm.  The u l t imate  cause  of  anatomical  damage i s  
no t  known and severa l  a l te rnat ive  explanat ions  a re  conceivable .  The 
ef fec ts  of  mechanica l  deformat ion and compress ion on in t raneural  micro­
c i rcula t ion ,  axonal  f low,  myel in  sheaths ,  and suppor t ing  t i ssue  a re  in­
complete ly  known (Fr isén  e t  a l .  ,  1976) .  Some authors  favour  the  tens ion 
hypothes is ,  which impl ies  tha t  t rac t ion  in  the  ne rve  f ibres  i s  the  ac tual  
cause  of  axonal  death  (Fisher ,  1913;  F leischer ,  1914;  O 'Connel l ,  1973) .  
According to  O'Connel l  (1973)  the  non-cross ing f ib res  in  the  chiasm are  
lax  compared with  the  c ross ing fibres .  Therefore ,  the  tens ion wi l l  be  
grea tes t  in  the  cross ing f ibres  in  the  median  plane  of  the  ch iasm in  spi te  
of  var ia t ions  in  the  exac t  s ize ,  shape  and pos i t ion  of  the  tumour  dome.  
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P r es s u r e  c om bi n e d  w i th  t e ns i on  a n d  s t r a ng u l a t i o n  o f  t h e  c r o s s i ng  f i b r e s  
ha s  a l so  b een  p r o pos ed  ( Wa l k e r  &  Cu s h i ng ,  1 9 1 8 ) .  A n o t h e r  po s s i b l e  c a us e  
i s  i s c h em i a  d u e  t o  s t r a n g u l a t i o n  o f  t h e  s u p p l y i n g  ve s se l s  ( Hu gh e s ,  1 95 8 ;  
Da w s on ,  1 9 5 8 ) .  Th e  f ac t  t h a t  t he  c en t r a l  po r t i on  o f  t h e  ch i a s m  de r ive s  i t s  
b lo o d  s u p p l y  s o l e l y  f rom  an  i n f e r i o r  g r o up  o f  v e s s e l s  f r om  t he  c i r c l e  o f  
W i l l i s  ha s  m ad e  t h e  i s c h em i a  t h eo r y  a t t r a c t i ve  ( Be r g l a nd  &  R a y ,  1 96 9 ) .  
F r an ço i s  e t  a l .  ( 1 9 5 8 ) ,  how e ve r ,  b e l i e v e  t h a t  i s c h em i a  a r i s e s  a t  a  
c a p i l l a r y  l ev e l  w i t h i n  t h e  t i s s u e  d u e  t o  c o m p r e s s i o n  fr om  t h e  o u t s i d e  a n d  
n o t  fr o m  p r e s s u r e  o n  i n d i v i d ua l  ve s se l s .  I r r e s p ec t i v e  o f  t he  a c t u a l  c a us e  
o f  d a ma ge ,  a  c on s id e r a b l e  d i sp l a ce m e nt  an d  d e f o r m a t i o n  o f  t he  o p t i c  
ch i a s m  u s u a l ly  oc cur s  w i t h  p i t u i t a r y  t umo u r s .  T h e r e f o r e ,  t he  t e rm  co m ­
pr e s s i on  w i l l  b e  us e d  i n  t h i s  s t u dy .  
Th e  i n c id e n c e  o f  o p t i c  d i s c  p a l l o r  i n  pa t i e n t s  w i t h  p i t u i t a ry  t u mo ur s  i s  
i n d e e d  va r y i n g  i n  t he  l i t e r a t u r e  ( Ta b l e  I ) .  
Ta b l e  I .  
I nc i d e n c e  o f  o p t i c  d i s c  p a l l o r  i n  p i t u i t a r y  t um o u r s  a s  r epo r t e d  i n  t he  
l i t e  r a t u r e  .  
Au t h o r  ( s  )  D i ag n o s i s  N o .  o f  D i sc  p a l l o r ,  
c a s e s  p e r  c e n t  o f  
c a s e s  
H i r sc h  1 9 2 1  P i tu i t a r y  t um o ur  45  8 9  
Br a u ns t e i n  1 9 2 5  P i t u i t a r y  t u m o u r  73  5  6  
F i sc he r  1 9 3 5  P i t u i t a r y  t um o ur  5 9  8 9  
Ha r t m a nn  &  Gu i l l a um a t  
1 9 3 8  
P i t u i t a r y  a d e nom a  5 0  5 4  
Ba k a y  1 9 5 0  Ch r om oph obe  a de no m a  2 3 2  7 2  
C ham l i n  e t  a l .  1 9 5 5  Ch r o moph o be  a d e nom a  1 09  6 1 . 5  
L y l e  &  C l o v e r  1 9 6 1  P i t u i t a r y  a de n o m a  1 0 0  5 6  
No v e r  1 96 2  P i t u i t a r y  a de n o m a  1 0 0  5 4  
C l a r ke  e t  a l .  1 9 6 3  C h rom op ho b e  a d e nom a  7 5  49  
W i l s on  &  F a l co ne r  1 9 6 8  C h rom op ho b e  a de no m a  5 0  5 6  
H o l l e nh or s t  &  Y o u n g e  P i t u i t a r y  a de n o m a  1 0 0 0  3 4  
1 9 7 6  
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E x a m i n a t i o n  m e t ho d s  a n d  s u r g i c a l  t ec h n iq u e s  ha ve  c h a ng ed  c on s i d e r ab l y  
s i n c e  t h e  e a r l i e s t  r epo r t ,  a n d  t h e r e f o r e  o n l y  r e p o r t s  p u b l i sh e d  i n  1 9 2 0  o r  
l a t e r  h a v e  be e n  i n c l u d e d .  E x c e l l e n t  s u r ve ys  o f  t he  e a r l i e r  l i t e r a t u r e  ha v e  
b e en  g i v e n  b y  Wi lb r a n d  &  S a e n ge r  ( 1 9 15 )  a n d  v o n  H i p p e l  ( 19 23 ) .  
Th e  v a r i a t i o n s  i n  i n c i de n c e  i s  n o t  su r p r i s i n g  w i t h  r eg a r d  t o  t h e  d i f f i cu l t i e s  
i n  e v a l u a t i n g  t h e  o p t i c  d i s c  c o l o u r  a s  d e t a i l e d  a b o v e .  C h am l in  e t  a l .  ( 1 9 55 )  
r e p o r t ed  a  g re a t  va r i a t i o n  i n  a s s e s sm e n t  o f  a t r op hy  b e t we e n  di f f e r e n t  ex ­
pe r i e n ce d  ob s e rv e r s .  Th u s ,  i n  s ev e r a l  c a s e s ,  so me  ob se r v e r s  w e r e  
q u i t e  s u re  t ha t  t he  ap pe a r an ce  o f  t h e  d i s c  r e p r e s en t e d  o p t i c  a t r o ph y ,  wh i l e  
o t h e r  obs e r ve r s  t ho u g h t  t ha t  th e  c o l o u r  o f  t he  d i sc s  wa s  w i th i n  no r m a l  
l im i t s .  O t he r  f ac t o r s  t h a n  ob se r ve r  v a r i a t i o n  a l so  i n f l u en c e  t he  i nc i d en c e  
o f  a t r op hy .  A n  e a r ly  d i ag n o s i s ,  f o r  i n s t a nc e ,  w i l l  r e s u l t  i n  a  l o w  i n c i ­
d en c e .  
So m e  au t h or s  ha v e  c l a i me d  t ha t  th e r e  a r e  c ha r a c t e r i s t i c  f e a t u r e s  i n  o p t i c  
a t r op h y  d ue  t o  c o m pr es s i on  b y  t umo u r .  S u c h  f e a t u r e s  a r e  a  p r o n o u nc e d  
t e mp o r a l  p a l l o r  ( Be hr ,  1 93 1 ;  Vo g e l s a n g ,  1 9 3 3 ;  H i r s ch ,  1 9 4 9) ,  a  y e l l o w i sh  
t i n t  o f  t h e  d i s c  c o l o u r  ( H o l l o w ay ,  1 93 1 )  o r  an  e x c a v a t e d  o p t i c  d i s c  
( G u tm a n n ,  1 92 9 ;  T h i e l ,  1 93 3 ) .  H u be r  ( 1 97 1 )  s t a t e d  t ha t  a  u n i fo r m  p a l l o r  
o f  t he  en t i r e  d i s c  i s  t h e  m o s t  fr eq u e n t  v a r i an t .  
D e  M a r t e l  et  a l .  ( 1 9 3 1 )  s u g ge s t e d  t h a t  t he  e a r ly  p a l l o r  i n  ch i a s m a l  co m ­
p r e s s i o n  m ay  b e  c a u s ed  b y  v a s c u l a r  c o m p r e s s i on  i n s t e ad  o f  d e ge ne r a t i on .  
An o t h e r  h y p o th e s i s  wa s  p r e s e n t ed  b y  Sc h r e i b e r  ( 1 9 33 ) ,  w h o  s u g g e s t e d  t h a t  
ea r l y  p a l l o r  wa s  d u e  t o  a x o n a l  s w e l l i n g .  S c h r e i b e r  t h o ug h t  t ha t  t h i s  c ou l d  
e x p l a i n  t h e  r e ve r s i b l e  p a l l o r  s o m et i m es  r e p or t e d  i n  ch i a s m a l  c o m p r es s i o n .  
N o n e  o f  t h e s e  i d ea s  ha v e  b e en  s u pp o r t e d  b y  o b j e c t i ve  e v i d e nc e .  
O p t i c  d i s c  p a l l o r  b e c om e s  i n c r e a s in g l y  f r e que n t  t he  l ong e r  t h e  h i s t o r y  o f  
v i s u a l  fa i l u r e ,  b u t  i t  may  b e  p r e s e n t  a l s o  i n  ca s e s  w i t h  a  sh o r t  h i s t o r y  
( W i l s o n  &  F a l c on e r ,  1 96 8 ) .  I n  c a s e s  w i t h  u n k no w n  du r a t i o n  o f  v i s ua l  fa i l ­
u r e  a  ma r ke d  de g r e e  o f  d i s c  p a l l o r  i n d i c a t e s  a  l on gs t a nd in g  p r oc e s s  
( C h a ml in  e t  a l .  ,  1 95 5 ) .  
D i s c  p a l l o r  i s  a  s i g n  o f  p oo r  p r ogno s i s  w i t h  r eg a r d  t o  v i s u a l  f un c t i o n  
( K a y a n  &  E a r l ,  1 97 5 ) .  Ho w e v e r ,  a f t e r  a  s u c ce s s f u l  s u r g i c a l  dec o mp r e s ­
s io n  t h e  v i su a l  f u n c t i o n  m ay  i m p r o v e  a l so  i n  c a s e s  w i t h  di s c  p a l l o r  
( H i r s c h ,  1 93 0 ) .  P a r a do x i ca l ly ,  a  co ns i de r a b l e  po s t op e r a t i v e  r ec ov e r y  o f  
v i s i o n  m ay  o c c u r  e v e n  i n  p a t i e n t s  w i t h  i n c r ea s i ng  d i s c  pa l lo r  ( H i r s ch  &  
H a ml i n ,  1 95 4 ;  K a ya n  &  E a r l ,  1 97 5 ) .  
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Conclud ing  remarks .  
P rev ious ly  desc r ibed  ophtha lmoscopic  s igns  of  o p t ic  nerve  f ibre  a t rophy  
in  pa t i en t s  wi th  ch iasmal  compress ion  have  la rge ly  been  l imi ted  to  var ious  
grades  of  op t ic  d i sc  pa l lo r .  However ,  fo r  severa l  reasons  d i sc  pa l lo r  i s  
an  unre l iab le  s ign  of  op t ic  a t rophy .  The  pa leness  i s  p robab ly  no t  d i rec t ly  
due  to  loss  of  axons .  Ci rcu la tory  changes  in  the  op t ic  d i sc  or  a  reorgani ­
za t ion  of  the  g l ia l  mat r ix  have  been  sugges ted  to  expla in  the  pa leness .  The  
t ime  in te rva l  be tween  axonal  damage  and  debu t  of  d i sc  pa l lo r  i s  a l so  in­
comple te ly  known.  D isc  co lour  i s  no tor ious ly  d i f f icu l t  to  eva lua te  by  
ophtha lmoscopy.  A cons iderable  observer  var ia t ion  has  been  repor ted .  
Epipap i l la ry  membranes  (Foos  & Ro th ,  1972;  Je rnda l ,  1976)  as  wel l  as  
var i a t ions  in  opt ic  d i sc  topography  inf luence  eva lua t ion  of  the  co lou r .  
Fu r thermore ,  nuc lea r  sc le ros i s  and  poor  i l lumina t ion  tend  to  g ive  a  fa l se  
impress ion  of  "normal"  co lour .  In  pa t ien t s  wi th  compress ion  of  the  ch iasm 
due  to  p i tu i t a ry  adenoma,  severa l  repor ts  desc r ibe  s imul taneous  evolu t ion  
of  d i sc  pa l lor  and  recovery  of  v i sua l  func t ion .  
Recent ly ,  changes  in  the  re t ina l  nerve  f ibre  pa t te rn  have  been  descr ibed  in  
var ious  d i seases  a f fec t ing  the  an te r io r  v isua l  pa thways .  These  ophtha lmo-
scopica l ly  v is ib le  defec t s  in  the  ne rve  fibre  l ayer  have  been  cor re la ted  to  
v i sua l  f ie ld  defec t s .  Such  nerve  f ibre  l aye r  changes  may  be  more  sens i ­
t ive  and  more  re l i ab le  ind ica tors  of  ne rve  f ib re  a t rophy  than  d i sc  pa l lo r  in  
pa t ien t s  wi th  op t ic  a t rophy  due  to  ch iasmal  compress ion.  A rev iew of  the  
p resent  knowledge  of  the  re t ina l  nerve  f ibre  l ayer  i s  the refore  mot iva ted .  
ANATOMY OF THE HUMAN RETINAL NERVE FIBRE LAYER 
Microscopy .  
His to ry .  The  re t ina l  nerve  f ib res  a re  the  axons  of  the  re t ina l  gangl ion  
ce l l s .  These  axons  converge  towards  the  op t ic  d i sc  and  fo rm the  nerve  
f ibre  l ayer ,  which  occupies  the  most  v i t rea l  l ayer  of  the  re t ina .  
The  rad ia l  a r r angement  of  the  re t ina l  ne rve  fib res  was  f i r s t  desc r ibed  in  
1836  by  Wal lace ,  who a l so  descr ibed  the  a rcua te  course  of  ne rve  f ib res  
above  and  below the  macu la .  These  observa t ions  were  l a te r  conf i rmed by  
o thers  (Michae l i s ,  1842;  Bowman ,  1849 ;  Köl l ike r ,  1854) .  Michae l i s  (1842)  
found  tha t  the  nerve  f ib res  be tween  the  op t ic  d i sc  and  the  macula  had  a  
s t ra igh t  course  and  formed a  very  th in  l ayer .  Michae l i s  a l so  observed  
tha t  the  a rcua te  fib res  outs ide  the  macula  ended  in  a  l ine  of  d emarcat ion  
( the  so -ca l led  raphe)  wh ich  they  neve r  c rossed.  More  tempora l ly  the  raphe  
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disappeared ,  permi t t ing  par t i a l  in te rmingl ing  of  the  upper  and  lower  
a rcua te  f ib res .  S t i l l  more  tempora l ly  the  fib re s  had  a  rad ia l  course .  
Köl l ike r  (1854)  found  tha t  the  nerve  f ib res  were  a r ranged  in  bundles  and  
tha t  there  was  an  exchange  of  ne rve  f ib res  be tween  adjacen t  bundles .  
Miche l  (1874)  managed  to  separa te  the  nerve  f ib re  l ayer  f rom the  res t  of  
the  re t i na  by  ca refu l  di s sec t ion  and  showed tha t  there  were  spaces  between  
the  ne rve  f ib re  bund les .  These  spaces  were  b roader  in  the  per iphery ,  and  
Schwalbe  (1874)  po in ted  ou t  t ha t  these  in te rspaces  were  occupied  by  pro ­
cesses  f rom a  spec ia l  type  of  g l i a l  ce l l s  (Mül ler  ce l l s ) .  
Dogie l  (1891)  s t a ined  the  nerve  f ibre  l ayer  wi th  methylene  b lue  and  found  
th in  nerve  f ib res  in  the  macula r  reg ion  and  a l so  some a rcua te  f ib res  over ­
lapp ing  the  raphe .  
These  ea r ly  observa t ions  were  cor robora ted  by  o thers  dur ing  the  fo l low­
ing  per iod .  Addi t iona l  impor tant  con t r ibu t ions  to  our  knowledge  of  the  
ana tomy of  the  re t ina l  nerve  fib re  l ayer  have  no t  been  made  unt i l  the  l as t  
two or  th ree  decades ,  however .  These  modern  cont r ibut ions  wi l l  be  re ­
v iewed be low.  
Topography  of  the  ne rve  f ibre  l ayer .  C lose  to  the  d i sc  borde r ,  the  axons  
a re  a r ranged  in  a  rad ia l  di rec t ion .  Also  in  the  nasa l  per ipap i l l a ry  re t ina  
the  axons  have  an  approximate ly  rad ia l  course  (Fig .  1 ) .  In  the  t emporal  
per ipap i l l a ry  re t ina  on ly  axons  from the  nasa l  edge  of  the  macula  run  
d i rec t ly  to  the  d i sc .  F ibres  f rom other  par t s  of  the  macula  take  an  a rcua te  
course .  Thus ,  a l l  macu la r  f ib res  occupy  an  ova l  a rea ,  fo rming  the  pap i l lo -
macula r  bund le .  Hoyt  & Tudor  (1963)  showed wi th  degenera t ion  s tud ies  in  
pr imates  tha t  axons  a r i s ing  from the  re t ina  be tween  the  macula  and  the  
op t ic  d i sc  passed  d i rec t ly  to  the  d i sc  on  i t s  t empora l  s ide .  Al l  o ther  nerve  
f ib res  f rom areas  s i tua ted  temporal ly  to  the  op t ic  d i sc  have  an  a rcua te  
course .  These  a rcua te  f ibre s  a re  espec ia l ly  p rominen t  around  the  la rge  
tempora l  vessel s  where  they  fo rm an  upper  and  a  lower  a rcua te  bundle  
(Fig .  1 ) .  
The  tempora l  raphe  i s  about  t h ree  to  four  mm long  (Vrabec ,  1966) .  The  
raphe  i s  no t  a  t rue  ana tomica l  d iv id ing  l ine  be tween  upper  and  lower  
a rcua te  f ib res  (Miche l ,  1874;  Dogie l ,  1891 ;  Bal lan tyne ,  1946 ;  Vrabec ,  
1966) .  Vrabec  (1966)  s ta ted  tha t  there  i s  a  hor izonta l  over lapp ing  of  
f ib res  fo r  a  d i s tance  of  abou t  200  -  400  ^um.  Tempora l ly  to  the  raphe ,  
the  nerve  f ib res  have  an  approximate ly  pa ra l le l  course  wi thout  ho r izonta l  
over lapping  (Honrubia ,  1976) .  
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Fig.  1 .  Schemat ic  d rawing of  the  human re t ina l  nerve  fib re  
layer .  1 .  Opt ic  d isc .  2 .  Macula .  3 .  Pap i l lomacular  bundle .  
4 .  Arcuate  bundle.  5 .  Temporal  raphe.  
The pos i t ion  occupied  by the  ret ina l  nerve  fibres  a t  the  opt ic  nerve  head 
has  been d iscussed ex tensively  in  the  l i tera ture .  The exce l lent  degenera­
t ion  s tudies  in  the  rabbi t  and the  monkey by Wolff  & Penman (1950) ,  and in  
the  monkey by Hoyt  (1962)  have  shown that  in  these  spec ies  the  per iphera l  
ret ina l  ne rve  f ibres  a re  s i tua ted  per iphera l ly  a t  the  nerve  head.  The re t ­
ina l  ne rve  f ib res  from the  cent ra l  gangl ion  cel l  bodies  are  found near  the  
cent ra l  core  of  the  op t ic  nerve.  These  f indings  agree  wi th  the  opinions  of  
severa l  ear l ier  inves t iga tors  (Leber ,  1877;  Dean & Usher ,  1896;  Se idel ,  
1919;  Brouwer  & Zeeman,  1926) .  I t  i s  genera l ly  accepted  tha t  th is  organi ­
za t ion  i s  va l id  a lso  for  the  human opt ic  d isc  (Duke-Elder ,  1971) .  
As  to  the  topographic  organiza t ion  in  depth  of  nerve  f ibres  in  the  re t ina  
there  are  s t i l l  conf l ic t ing  v iews.  There  a re  three  poss ib i l i t ies  (Fig .  2) .  
Nerve  fibres  from the  per iphera l  re t ina  may run deep in  the  nerve  fib re  
layer ,  and fibres  from cent ra l  par ts  superf ic ia l ly  (Fig .  2A).  This  topo­
graphy was  found in  rabbi ts  by  Sjaaff  & Zeeman (1924)  and by Wolff  & 
Penman (1950) .  Wolff  & Penman considered  the  evidence  overwhelmingly  
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Fig.  2 .  Schematic  drawing of  poss ib le  topographic  organiza ­
t ions  in  depth  of  re t ina l  nerve  f ibres .  A.  Fibres  f rom per i ­
pheral  gangl ion  ce l l  bodies  deep,  f ibres  f rom cent ra l  gangl ion  
ce l l  bodies  superf ic ia l .  B.  "Per iphera l"  f ibres  superf ic ia l ,  
"cent ra l"  f ibres  deep .  C.  "Per ipheral"  and "cent ra l  "  f ibres  
in te rmingled .  
in  favour  of  the  per iphera l  re t ina l  nerve  f ibres  ly ing deep in  the  ne rve  
f ibre  layer  in  man as  in  rabbi t .  Copper  (1955)  was  of  the  opinion tha t  th is  
i s  compat ib le  wi th  c l in ica l  f indings  in  choro id i t i s .  
Polyak (1957)  sugges ted  tha t  the  per ipheral  fibres  may s tar t  superf ic ia l ly  
and gradual ly  s ink  deeper  as  they approach the  opt ic  d isc .  Goldberg  & 
Coulombre  (1972)  showed tha t  in  the  ch ick  re t ina  the  per iphera l  nerve  
f ibres  were  s i tua ted  in  the  mos t  v i t rea l  por t ion  of  the  nerve  f ibre  layer  
(F ig.  2B) .  Recent ly ,  Hoyt  and co-workers  in  funduscopic  nerve  fib re  
s tudies  found tha t  in  cases  wi th  a t rophy of  n e rve  f ib res  f rom the  nasal  
hemiret ina ,  the  remaining fibres  from the  d is tant  tempora l  re t ina  seemed 
to  have  a  super f ic ia l  course  (Hoyt  & Kommerei l ,  1973;  Hoyt  e t  a l .  ,  1973) .  
The  poss ibi l i ty  of  in termingling  of  nerve  f ibres  in  the  re t ina  was  suggested  
by Traquai r  (1949) .  This  theory  was  a lso  suppor ted  by Ogden (1974) ,  who 
showed by au toradiography tha t  nerve  fibres  of  Rhesus  monkeys  in ter ­
mingle  freely  a long the  in t ra re t ina l  course  of  an  a rcua te  bundle  (F ig.  2C) .  
Posi t ive  proofs  of  the  topographic  organizat ion  of  the  human re t ina l  nerve  
f ibre  layer  are  s t i l l  lacking .  
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So-ca l led  accessory  ne rve  f ibre  bund les  and  axons  s i tua ted  be tween  the  
ne rve  f ibre  l ayer  and  the  gang l ion  ce l l  l aye r  in  the  a rcua te  a reas  were  
descr ibed  by  Vrabec  (1966) .  These  f ib res  had  no t  an  a rcua te  bu t  a  rad ia l  
course .  Accord ing  to  Vrabec ,  they  were  probab ly  p r imordia l  axons  f rom 
gang l ion  ce l l s  d i f fe ren t ia t ing  a t  the  same t ime  as  the  axons  of  the  cent ra l  
a rea  or  l a te r .  
Bund les  of  axons  have  been  found  in  the  tun ica  media  of  l a rge  b lood  ves ­
se l s  in  the  human nerve  fib re  l ayer  (Wakui  e t  a l .  ,  1968) .  In  d i f fe ren t  
an imal  eyes  ( rabbi t ,  dog ,  ca t ,  sheep  and  monkey)  axons  have  been  found  
termina t ing  wi th  pecul i a r  end-bulb  format ions  on  the  vesse l  wal l s  ( lyoda ,  
1969 ;  Matsuyama,  1973) .  I t  has  been  sugges ted  tha t  these  fib res  may  be  
cen t r i fugal  ne rve  fib res .  There  i s  some evidence  fo r  such  f ib res  in  the  
dog  and  the  ca t  (Hascke ,  1963 ;  Brooke  e t  a l .  ,  1965) .  Noback  & Met t le r  
(1973)  have  shown in  the  Rhesus  monkey  tha t  there  may  ex is t  cen t r i fuga l  
nerve  f ibre s  from the  co l l i cu lus  super ior  to  the  re t ina .  Wol te r  (1956a)  
has  sugges ted  tha t  s ing le  apparen t ly  normal  nerve  f ib res  in  the  human 
opt ic  nerve ,  found  severa l  years  a f te r  enuclea t ion ,  may  be  cen t r i fuga l  
nerve  f ib res .  In  man,  the  exi s tence  of  such  cen t r i fuga l  ne rve  fib res  has  
no t  been  conf i rmed,  however .  
Mic ros t ruc ture  of  t he  ne rve  f ib re  l ayer .  The  nerve  fibre  l ayer  of  t he  
human re t ina  conta ins  gangl ion  ce l l  axons ,  g l ia l  ce l l s ,  Mi l l ie r  ce l l  p ro­
cesses  and  a  wel l  deve loped  vascu lar  sys tem (Hogan  e t  a l .  ,  1971) .  The  
nerve  f ibre  l ayer  i s  th ickes t  a round  the  marg ins  of  the  op t ic  ne rve  head.  
At  the  upper  and  lower  nasa l  marg ins  i t  i s  about  20  -  30  ^um th ick ,  bu t  at  
the  t empora l  marg in  only  abou t  10  ^um (Wolf f ,  1961) .  In  the  re t ina l  pe r iph­
ery  s ing le  axons  toge ther  wi th  s ing le  gangl ion  ce l l  bodies  cons t i tu te  one  
th in  l ayer  (van  Buren ,  1963b) -The  axons  a re  usua l ly  unmyel ina ted  and  have  
a  d iamete r  be tween  0 .6  and  2  yum (Vi l legas ,  1964) .  Somet imes  some 
in t ra re t ina l  ne rve  f ib res  may  be  medul la ted .  The  inc idence  ranges  be­
tween  0 .  1  and  0 .7  per  cen t  (Köl l iker ,  1885 ;  Wol lenberg ,  1889;  Mayerweg ,  
1903 ;  Terwelp ,  1905 ;  Loren tzen ,  1963) .  
In  the  aged  human re t ina  axona l  enla rgements  have  somet imes  been  found .  
They  probably  rep resent  a  non-spec i f ic  ne rve  f ib re  reac t ion  (Vrabec ,  
1965a ;  Vrabec ,  1965b;  Wol te r ,  1968) .  
Most  of  the  nerve  fib res  a re  a r ranged  in  bund les  (Köl l iker ,  1854) .  Gl ia l  
processes  f rom as t rocytes  and  Mülle r  ce l l s  penet ra te  the  bundles  and  
su r round  the  axons .  Some par t s  of  the  axons  may  have  a  c lose  membrane  
contac t  wi th  ne ighbour ing  axons  (Vi l legas ,  1964) .  Th is  c lose  contac t  has  
a l so  been  found  in  the  monkey  re t ina ,  bu t  t he  d i s tance  tha t  a  pa i r  of  con-
t iguous  axons  remain  approx imated  i s  s t i l l  unknown (Cohen,  1961) .  Cohen  
sugges ts  tha t  c lus te rs  of  axons  may  be  func t iona l  un i t s  of  some sor t .  
There  i s  a  tendency  fo r  f ib res  emerg ing  from any  te r r i to ry  of  the  re t ina  
to  p reserve  the i r  re la t ive  pos i t ion  wi th  respec t  to  o ther  f ibres  (Polyak ,  
1941) .  There  i s  a l so  an  exchange  of  axons  be tween  adjacen t  bundles  
(Köl l iker ,  1854;  Po lyak ,  1941) .  
Adjacen t  bundles  a re  separa ted  by  p rocesses  f rom the  Mül le r  ce l l s  
(Schwalbe,  1874) .  The  Mül le r  ce l l  p rocesses  form foot -p la tes  in  the i r  
v i t rea l  pa r t .  Each  process  i s  on  th i s  l eve l  about  4 -5  ^ um in  d iamete r  
and  they  a re  a r ranged  in  bund les  of  abou t  20  -  25  ^um in  d iameter  (Uga ,  
1974) .  These  bundles  of  Mül le r  ce l l  p rocesses  enc lose  the  nerve  fibre  
bundles  (F ig .  3 ) .  Somet imes  a  bundle  of  Mül le r  ce l l  processes  may d i ­
verge  in  the  middle  of  t he  nerve  f ib re  l aye r  and  so  enc lose  a  bundle  of  
axons  (Uga,  1974) .  
The  as t rocy tes  of  the  nerve  fibre  l ayer  a re  as  a  ru le  b ipo la r .  They  a re  
somet imes  ca l l ed  lemnocy tes  (Wol te r ,  1955 ;  Hogan  e t  a l .  ,  1971) .  To­
wards  the  op t ic  d i sc  the  o rd inary  as t rocytes  become frequen t  (Anderson ,  
1970) ,  and  t r ans i t ion  fo rms  a re  a l so  numerous  (Hogan  e t  a l .  ,  1971) .  
Other  spec ia l ized  g l ia l  ce l l s  found  in  the  ne rve  fibre  l aye r  a re  the  per i ­
vascula r  g l ia l  ce l l s  a round  the  re t ina l  capi l l a r ies  (Wolte r ,  1959) ,  and  the  
microg l ia l  ce l l s  (Hogan  e t  a l .  ,  1971) .  
The  cap i l l ar ie s  in  the  ne rve  fib re  l ayer  a re  su r rounded  by  p rocesses  f rom 
Mül ler  ce l l s  and  o ther  g l ia l  ce l l s .  These  processes  and  the i r  ce l l s  a re  
a l so  in  c lose  contac t  wi th  the  axons  (Vi l legas ,  1964) .  Bes ides  the  o rd i ­
nary  cap i l l ar ie s  there  a re  spec ia l  capi l l a r ies  occupy ing  the  super f ic ia l  
por t ion  of  the  ne rve  f ibre  l ayer  in  the  per ipap i l l a ry  re t ina ,  the  so -ca l led  
rad ia l  per ipap i l l a ry  capi l l a r ies  (Henkind ,  1967 ;  Wise  e t  a l .  ,  1971) .  Re­
cen t ly ,  Ueno  (1976)  by  scanning  e lec t ron  microscopy  has  shown tha t  these  
capi l l a r i es  a re  ext remely  numerous  c lose  to  the  opt ic  d i sc .  
The  v i t rea l  sur face  of  the  nerve  f ibre  l ayer  i s  formed by  the  foot -p la tes  
of  the  Mül le r  ce l ls  and  spec ia l  "endothe l ium- l ike  "  as t rocy tes  (Wol te r ,  
1956  b ;  Gär tner ,  1962) .  The  as t rocy tes  a re  numerous  c lose  to  the  op t ic  
d i sc ,  and  on  the  opt ic  d i sc  the  su r face  i s  so le ly  formed by  as t rocytes  
(Anderson ,  1970) .  Vi t rea l  to  the  g l ia l  ce l l s  and  in t imate ly  a t tached  to  
these  ce l l s  i s  a  basement  membrane  (F ine  & Z immerman,  1962;  Gär tner ,  
1962) .  Vi t rea l  to  the  basement  membrane  i s  ano ther  laye r  wi th  fib r i l s .  
The  basement  membrane  and  the  fib r i l  layer  cons t i tu te  the  in te rna l  
l imi t ing  membrane ,  2 -3  /um in  th ickness  (Gar tner ,  1962) .  
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Fig .  3 .  Schemat ic  d rawing  of  r e la t ionsh ip  between  nerve  f ib re  
bundle s  and  bundles  of  Mül le r  ce l l  p rocesses .  1 .  Nerve  f ibre  
bundle .  2 .  Bund le  of  Mül le r  ce l l  p rocesses .  3 .  Gang l ion  ce l l  
l ayer .  4 .  In te rna l  l imi t ing  membrane .  5 .  Vi t reous  body .  
6 .  Deeper  par t s  of  the  re t ina .  7 .  Blood  vesse l .  
Funduscopic  appearance  of  the  norma l  re t ina l  nerve  f ibre  l ayer .  
Dur ing  the  ea r ly  ophtha lmoscopy  e ra  technica l  l imi ta t ions  made  vi sua l iza ­
t ion  of  the  re t ina l  ne rve  f ibre  l ayer  d i f f icu l t  (L iebre ich ,  1869) .  In  1913  
Yogt ,  dur ing  s tud ies  of  the  macula r  p igment  in  v ivo ,  no t iced  tha t  the  
ne rve  f ibre  pa t te rn  was  enhanced  by  red - f ree  l igh t  in  ophtha lmoscopy.  
Vogt  repor ted  tha t  the  ne rve  fibre  l ayer  appeared  a s  l igh t  and  dark  l inear  
ref l exes  somet imes  in te rweaving  wi th  each  o ther .  The  nerve  fibre  pa t te rn  
was  v is ib le  in  pa t i en t s  of  a l l  ages .  Nerve  f ib res  pe rpendicu lar  to  a  smal l  
vesse l  could  be  seen  as  f ine  l ines  super f ic ia l  to  the  vesse l .  In  th i s  ea r ly  
repor t ,  Vogt  s imply  s ta ted  tha t  the  nerve  fib res  had  the  same d i rec t ion  as  
the  re t ina l  vesse l s .  Vog t ' s  o r ig ina l  repor t  was  fo l lowed by  more  ex ten­
s ive  s tud ies  wi th  red- f ree  ophtha lmoscopy  of  the  re t ina l  ne rve  f ibre  l ayer  
in  normal  and  pa tho log ica l  condi t ions  (Vogt ,  1917;  Affo l te r ,  1917 ;  Vogt ,  
1921 ;  Vogt ,  1925) .  Accord ing  to  these  repor ts ,  the  normal  ne rve  f ibre  
pa t te rn  was  bes t  seen  in  young  indiv idua ls  and  in  dark ly  p igmented  eyes .  
Somet imes  re f lexes  f rom the  in terna l  l imi t ing  membrane  were  d i s tu rb ing ,  
espec ia l ly  in  young  pe rsons .  These  super f ic ia l  re f lexes  had  been  thorough­
ly  s tud ied  by  Dimmer  (1891) .  Vogt  no ted  tha t  these  re f lexes  were  more  
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glossy  than the  nerve  f ibre  re f lexes  and tha t  they changed pos i t ion  when 
the  angle  of  ophthalmoscopic  i l luminat ion  was  changed.  The s t r ia ted  
pa t te rn  was  due  to  the  nerve  f ibre  bundles  and the  in te rspaces  between 
them.  The s t r ia t ions  s ta r ted  a t  the  border  of  the  opt ic  d isc .  The s t r ia t ions  
were  coarse  in  the  per ipap i l la ry  region and more  de l ica te  in  the  pe r iphery .  
The most  prominent  bundles  were  seen in  the  per ipapi l la ry  sec tors .  In  
the  papi l lomacular  bundle  the  nerve  f ibre  bundles  were  th in  and formed a  
fa in t ly  v is ib le  s t r ia ted  pat te rn .  The la rge  re t ina l  vesse ls  were  usual ly  
superf ic ia l  to  the  nerve  f ibre  layer ,  but  the  smal l  vesse ls  were  embedded 
and overcrossed by ne rve  f ibre  bundles .  Vogt  repor ted  tha t  there  was  a  
cer ta in  degree  of  v ar ia t ion  in  bundle  s ize  be tween di f fe rent  individuals .  
He a lso  s ta ted  tha t  the  nerve  f ibre  re f lexes  temporal  to  the  macula  showed 
a  considerable  over-c ross ing of  the  raphe .  Red-f ree  ophthalmoscopy was  
performed by o thers  of  tha t  per iod  but  li t t le  of  i mpor tance  was  added to  
the  above descr ip t ion  of  the  normal  ne rve  f ibre  layer  (Heine ,  1918;  
van der  Heydt ,  1919;  Dobson,  1928) .  Recent ly ,  however ,  new contr ibu­
t ions  to  th is  f ie ld  have  been made by Hoyt  and co-workers  (Hoyt  e t  a l .  ,  
1973) ,  pa r t icu lar ly  in  the  f ie ld  of  acquired  defects  of  the  re t ina l  nerve  
f ibre  layer  (see  be low) .  
Concluding remarks.  
Research  upon the  human re t ina l  nerve  fib re  layer  has  been concentra ted  
on cross  -  sec t ional  microscopic  s tudies .  Very  l i t t le  i s  known about  the  
th ree-d imensional  topography.  Al though i t  i s  known tha t  most  f ib re  bundles  
fo l low curvi l inear  pa ths  in  the  re t inal  ne rve  f ibre  layer ,  much remains  to  
be  learned about  the  a reas  of  or ig in  fo r  those  bundles  tha t  can  be  seen 
ophthalmoscopica l ly  in  the  per ipapi l la ry  a rea .  There  appears  to  be  a  con­
s iderable  var ia t ion  between individuals .  Bet te r  knowledge of  the  ne rve  
f ibre  topography and the  h is to logic  corre la tes  of  the  funduscopic  appear­
ance  might  be  obtained by three-d imensional  s tudy technique  l ike  mic ro­
dissec t ion  or  ser ia l  sec t ioning .  
The func t ional  s igni f icance  of  the  pecul iar  exchange of  nerve  f ibres  be­
tween adjacent  f ibre  bundles  i s  no t  known.  The c lose  membrane- to-mem­
brane  re lat ion  of  s ingle  axons  i s  a lso  incomplete ly  unders tood .  This  poin ts  
to  the  need of  f unct ional  s tudies .  
Single  axons  f rom ret inal  ganglion  ce l l s  fa l l  be low the  resolut ion  l imi ts  of  
the  ophtha lmoscope (Fr i sen ,  1973a) .  Bundles  of  axons  have  be t ter  v is ib i l ­
i ty .  The re la t ionship  be tween vis ib i l i ty  and bundle  s ize  i s  not  known.  
There  i s  an  obvious  var ia t ion  in  nerve  f ib re  v is ib i l i ty  between d i f ferent  
individuals  and somet imes  the  v isual iza t ion  of  the  nerve  fibre  layer  may 
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be  d i f f i cu l t .  
M E T HO DS  I N  C LI N I C AL  E X AM I N A T I ON  O F  T H E  RE TI NA L  N E R V E  
F I BR E  L AY E R  
O p ht h a lm o sc o p y .  
Vo g t ,  i n  h i s  c l a s s i c a l  s t ud i e s  o n  t h e  ne r v e  f i b r e  l ay e r ,  u s ed  a  f l u id  fi l ­
t e r  c om pos e d  o f  t w o  s o l u t i o ns  t o  o b t a in  r e d - f r ee  l i g h t :  a n  a q u e o u s  s o l u ­
t i on  o f  c opp e r  s u l p ha t e ,  a n d  a n  a qu e o u s  s o l u t i o n  o f  e r i o v i r i d i n  B ,  an  an i ­
l in e  dye .  S uc h  a  f i l t e r  t r a n sm i t s  l i g h t  i n  t h e  4 20  t o  6 00  n m  w a v e l e ng t h  i n ­
t e r v a l .  A  ca r bo n  a r c  l a m p  w a s  u s ed  fo r  i l l um i n a t i o n .  Bo th  fi l t e r  a nd  l i g h t  
so u r ce  w e r e  o f  c ou r se  d i f f i cu l t  t o  h a n d le ,  a n d  t h i s  c e r t a i n l y  l i m i t e d  t h e  
u s e  o f  r ed - f r ee  o p h th a l mo s c o py .  D o bs on  [ ( 1 9 2 8 )  u s ed  a  g r e en  c e l l u l o i d  fi l ­
t e r  t o  o b t a i n  r ed - f r ee  l i gh t  an d  c ons i de r ed  i t  e qu i v a l e n t  t o  a  f lu id  fi l t e r .  
No w a da y s  m o s t  op h tha l m o sc o pe s  a r e  p r o v i d e d  w i t h  a  ye l l ow - gr e en  ab ­
s o r p t i on  g l a s s  f i l t e r .  Th i s  k i n d  o f  f i l t e r  i s  n o t  r e d - f r e e ,  be cau s e  a  t ru l y  
r e d - f r e e  f i l t e r  ab so r bs  t o o  m uc h  l i g h t  ( B a l l a n t y n e ,  1 93 7 ) .  A  c om m on  
c om pr o mi s e  i s  a  ye l l ow - g r ee n  fi l t e r  r e s e m bl in g  Ko d a k  Wr a t t e n  G e l a t i n  
F i l t e r  N o .  6 1  ( T a b l e  I I )  t h a t  t r an s mi t s  l i g h t  be t w e e n  4 90  a nd  6 0 5  n m .  
Wh en  a  m ode r n  o p h th a l mo s c op e  t ha t  pr o v i d es  a  b r i g h t  gr e e n  i l l u m i n a t i on  
i s  u s ed ,  t h e  n e r v e  f i b r e  l a ye r  a ppe a r s  s l i g h t l y  o p a q u e .  T h e  n e r v e  f i b r e  
b u n d l e s  a r e  v i s i b l e  a t  l e as t  t w o  t o  t h r ee  d i s c  d i am e t e r s  o u t s i d e  t he  o p t i c  
d i s c .  S m al l  ve s se l s  a r e  o bs c u r ed  b y  n e r v e  f ib r e  b u n d l e s  a nd  p roba b l y  b y  
s up e r f i c i a l  c a p i l l a r i e s  t oo  ( Ho y t ,  1 9 7 6) ,  a n d  t he r e f o r e  h a ve  a  b l u r re d ,  
c r o s s - ha t ch ed  a ppe a r a nc e .  
V o g t  ( 1 9 1 3 )  s t a t e d  t h a t  th e  r e t i n a  a p pe a r s  l e s s  t r a ns pa r e n t  t o  l i g h t  of  sho r t  
wa v e l e n g t h s .  L i gh t  o f  l on ge r  wa v e l e ng t h s  p e n e t r a t e s  t h e  r e t i n a l  p igm e n t  
l aye r  a n d  t h e  m a j o r  pa r t  o f  t he  r e f l e c t ed  p r o po r t i o n  c o m e s  f r om  t he  ch o­
r o i d  a n d  t h e  s c l e r a  ( V o g t ,  1 91 3 ) .  B a l l a n t y n e  ( 1 93 7 )  a n d  B e h r en d t  &  W i l ­
s o n  ( 1 9 65 )  m a de  t h e  s am e  c o nc l u s io n s .  
L i gh t  of  s h or t  w a v e l e n g t h s  i s  t o  a  co ns i de r a b l e  p a r t  a b s o r be d  i n  t he  l en s  
( V o g t ,  1 9 1 7 ) .  T h i s  i s  e s p e c i a l l y  t he  c a se  w i th  pa t i e n t s  w i t h  p i g m e n t a t i o n  
o f  t he  l e ns ,  a s  t h e  a g e d .  On  t he  o t he r  h a n d ,  t h e  d i s t u r b i n g  g l os s y  r e f l ex e s  
f r o m  t he  i n t e r n a l  li m i t i n g  m e m br a ne  de c r ea s e  w i t h  a g e ,  p o s s i b l y  d ue  t o  
a  c ha ng e d  r e l a t i on  b e t we e n  t h e  r e f r a c t iv e  i nd i c e s  o f  t h e  s up e r f i c i a l  r e t i ­
na l  l ay e r  a n d  t he  v i t r e o u s  b od y  ( D i m m e r ,  1 8 9 1 ;  Go o d s i de ,  1 95 6 ) .  R ed -
f r e e  l i g h t  s ho w s  t he  n e r v e  f i b r e  p a t t e r n  m o s t  c l ea r l y  i n  y ou n g  p a t i e n t s  
w i t h  d a r k l y  p i gm e n t e d  f un d i .  
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T a b l e  I I .  
T r a n s m i s s i o n  p e a k s  a n d  lu m i n o u s  t r a n s m i t t a n c e  i n  s o m e  g e l a t i n  a b s o r p ­
t i o n  f i l t e r s  u s e d  t o  o b t a i n  " r e d - f r e e "  l i g h t .  
F i l t e r  T r a n s m i s s i o n  p e a k  L u m i n o u s  t r a n s -
( n m )  m i t t a n c e  p e r  c e n t  
K o d a k  Wr a t t e n  N o .  4 0  5 1 3  4  3 3  6  
44  A  4 9 1  9  1 5  2  
_ ' ' _ 5 8  5 3 8  2  1 9  8  
6 1  5 3 3  8  1 6 .  8  
6 5  5 0 1  3  6  6  
6 5  A  4 9 7  3  6 .  2  
F u n d u s  p h o t o g r a p hy .  
M a n y  ea r l y  i n v e s t i g a t o r s  ( e g .  P a v i a ,  1 9 3 1 ;  K u g e l b e r g ,  1 9 3 4 )  s t u d i e d  
f u n d u s  d e t a i l s  b y  p h o t o g r a p h y  w i t h  r e s t r i c t e d  s p e c t r u m  l i g h t .  H o w e v e r ,  
t h e  t e c h n i c a l  l i m i t a t i o n s  o f  t h a t  t i m e  m a d e  d e m o n s t r a t i o n  o f  f i n e  fu n d u s  
d e t a i l s  e x t r e m e l y  d i f f i c u l t .  B y  u s i n g  i n t e r f e r e n ce  f i l t e r s  a n d  a  Z e i s s  
O b e r k o c h e n  f u n du s  c am e r a ,  B e h r e n d t  &  W i l s o n  ( 1 9 6 5 )  d e m o n s t r a t e d  t h a t  
t h e  n e r v e  f i b r e  l a y e r  c o u l d  b e  p h o t o g r a p h e d  o n  b l a c k - a n d - w h i t e  fi l m .  T he y  
u s e d  n a r r o w - b a n d  i n t e r f e r e n c e  f i l t e r s  ( h a l f - w i d t h  1 0  n m )  a n d  r e p o r t e d  
t h a t  t h e  n e r v e  f i b r e  b u n d l e s  w e r e  s e e n  w h e n  fi l t e r s  w i t h  t r a n s m i s s i o n  
p e a k s  i n  t h e  i n t e r v a l  fr o m  4 3 1  n m  t o  5 7 7  n m  w e r e  u s e d .  T h e  n e r v e  f i b r e  
b u n d l e s  w e r e  b e s t  s e e n  a t  4 7 7  n m  ( B e h r e n d t  &  W i l s o n ,  1 96 5 ;  B e h r e n d t  &  
D u a n e ,  1 9 6 6 ) .  
I n  m o r e  r e c e n t  r e p o r t s  o n  r e d - f r e e  f u n d u s  p h o t o g r a p h y  d i f f e r e n t  Ko d a k  
W r a t t e n  a b s o r p t i o n  fi l t e r s  h a v e  b e e n  u s e d .  T r a n s m i s s i o n  p e a k s  a n d  lu m i ­
n o u s  t r a n s m i t t a n c e  f o r  c o m m o n l y  u s e d  fi l t e r s  a r e  d e t a i l e d  i n  T a b l e  I I .  
x /  H a l f  - w i d t h  d e n o t e s  t h e  w a v e l e n g t h  i n t e r v a l  w i t h i n  wh i c h  5 0  p e r  c e n t  
o f  t h e  t r a n s m i t t e d  l u m i n o u s  e n e r g y  i s  c o n t a i n e d .  
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Table  I I I .  
Combina t ions  of  f undus  camera ,  f i lm and fi l ter  descr ibed in  some recent  
repor ts  on red-f ree  fundus  photography.  
Authors  
Mizuno e t  a l .  
(1968)  
Came ra  
Olympus 
F  i lm Fi l te r  
(Kodak Wrat ten)  
Kodak Tr i -X No.  65  A 
Pan 
Hoyt  e t  a l .  
(1973)  
Sharp  & Sanders  
(1975)  
Ze iss  Ober-
kochen 
Ze iss  Ober­
kochen 
Kodak Plus-X No.  65  
Pan 
I l ford  FP 4  No.  65 
Iwata  e t  a l .  
(1975 a)  
Olympus Kodak Tr i -X No.  44  A 
Pan 
Dif ferent  fundus  cameras  and photographic  f i lms have  been used (Table  
I I I ) .  Usual ly  the  exposures  were  made on b lack-and-whi te  negat ive  fi lm.  
Hoyt  and co-workers  (1973)  repor ted ,  however ,  tha t  they somet imes  re­
corded the  fundus  on Kodachrome II  f ilm.  The colour  t ransparencies  were  
then copied  on b lack-and-whi te  f i lm by use  of  a  Kodak Wrat ten  f i l te r  No.  
65.  Fundus  photography wi thout  a  f i l te r  but  wi th  an  or thochromat ic  b lack-
and-white  f i lm wi l l  a l so  resu l t  in  a  v is ib le  nerve  f ibre  pa t te rn  (Craandi jk  
& Aan de  Kerk ,  1969) .  
I r respec t ive  of  f i l te rs ,  however ,  the  recording of  f undus  de ta i l s  of  l ow 
contras t  wil l  be  l imi ted  by o ther  technica l  fac tors ,  such as  the  resolving 
powers  of  the  eye ,  the  camera  and the  photographic  emuls ion.  According 
to  Fr isen  (1973 a)  the  most  impor tan t  resolut ion- l imi t ing  facto r  in  fundus  
photography i s  the  fundus  camera .  For  improved resul ts  the  focal  length/  
s top  ra t io:  of  the  camera  must  be  decreased .  The resolut ion  i s  cr i t ica l ly  
dependent  on  precis ion  of  f ocus ing.  Recent ly  Laing & Danisch  (1975)  de­
scr ibed a  method which makes  i t  poss ib le  to  focus  the  fundus  camera  ob­
jec t ive ly .  However ,  sharpness  of  an  image has  no fixed re lat ion  to  the  
l imi t  of  resolu t ion  of  an  op t ica l  sys tem (Stulz  & Zweig ,  1962) .  The  c lar i ­
ty  wi th  which deta i l s  a re  reproduced in  a  photographic  image i s  inf luenced 
pr inc ipa l ly  by four  fac tors :  sharpness ,  reso lut ion ,  g ra in iness  and tonal  
reproduction  (Bra inard  & Orns te in ,  1965) .  I t  is  somet imes  poss ible  to  en­
hance  the  v is ib i l i ty  of  smal l  de ta i ls .  The sharpness  of  d e ta i l s ,  fo r  ins tance ,  
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can be  improved by the  use  of  an  unsharp  mask (Yule ,  1945) .  Unsharp  
masking in  fundus  photography has  proved to  be  par t icu lar ly  valuable  in  
s tudies  of  the  re t ina l  nerve  f ibre  layer  (Fr i sen  & Hoyt ,  1973) .  Also  Iwata  
e t  a l .  (1975 a)  appl ied  a  subt rac t ion  technique  to  the  fundus  photographs  
in  the ir  nerve  f ibre  layer  s tudies .  I t  i s  a lso  poss ib le  to  make an  objec­
t ive  assessment  of  densi ty  var ia t ion  in  negat ives  obtained by red-f ree  
fundus  photography (Lundst röm & E klund,  1977) .  
Concluding remarks .  
The most  impor tant  factor  in  fundus  photography i s  prec ise  focus ing of  
the  camera .  Vis ib i l i ty  of  nerve  fib re  pat te rns  i s  dras t ical ly  reduced in  
b lurred  nega t ives  due  to  poor  focus ing .  A most  des i rable  improvement ,  
therefore ,  concerns  objec t ive  focusing of  the  fundus  camera .  Abet ter  
resolut ion  of  the  fundus  camera  i s  a lso  needed.  This  requi res  a  la rger  
aper ture  of  the  camera  sys tem.  Many d i f ferent  fi l ters  have  been used to  
obtain  red-free  l igh t  in  fundus  photography.  A broad-band fi l ter  wi th  a  
h igh luminous  t ransmit tance  makes  i t  easy  to  obta in  normal ly  exposed 
negat ives .  Conversely ,  when narrow-band fi l ters  wi th  a  low luminous  
t ransmit tance  a re  used,  the  amount  of  re f lec ted  l ight  is  smal l  and the  
negat ives  tend to  be  underexposed .  The densi ty  is  a  c r i t ical  fac tor  for  
the  reproduct ion  of  smal l  de ta i l s  such as  nerve  f ibre  bundles .  Therefore ,  
a  broad-band f i l te r  with  a  high luminous  t ransmit tance  usual ly  wi l l  be  the  
f i l te r  of  choice .  
According to  Behrendt  & Wilson (1965) ,  even smal l  opac i t ies  in  the  v i t ­
reous  obscured the  nerve  f ibre  pat tern  when f i l t e rs  in  the  431 to  477 nm 
wavelength  interva l  were .used .  -Such-f i l te rs  a re  therefore  of  l i t t le  
va lue  when smal l  de ta i l s  l ike  the  nerve  f ibre  bundles  a re  s tudied .  F i l te rs  
wi th  peak t ransmiss ion wi thin  the  l imi ts  504-549 nm are  less  sens i t ive  
to  opaci t ies ,  and therefore  preferab le .  
I f  negat ives  of  normal  dens i ty  are  des i red ,  a  h igh-speed fi lm (125-400 
ASA) i s  usual ly  necessary .  There  are  f i lms avai lable  with  a  be t ter  re­
solving power  at  low contras t  (Fr isen,  1973 a)  but  a  wide  use  of  t hese  
f i lms i s  not  p oss ible  without  an  improvement  of  the  l ight  source .  
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FUNDUSCOPIC APPEARANCE OF NERVE FIBRE ABNORMALITIES 
Excess ive  prominence  of  the  nerve  f ibre  layer .  
Already in  1869 Liebre ich  pointed  out  tha t  the  nerve  f ibre  pa t tern  was  
enhanced in  "neur i t i s" .  Vogt  (1921)  found tha t  dur ing the  acute  phase  of  
"neurore t in i t i s  lue t ica"  and cent ra l  vein  thrombosis  a  coarsening of  the  
nerve  f ibre  pat te rn  occurred.  The nerve  f ibre  bundles  were  th icker  and 
somet imes  less  d is t inc t  and the  in terweaving was  more  prominent .  Vogt  
suggested  tha t  the  coarsening of  nerve  f ibre  bundles  was  due  to  swel l ing  
of  the  axons .  These  changes  were  most  prominent  in  the  arcuate  bundles .  
Vogt ' s  descr ipt ion  of  "nerve  f ibre  swel l ing"  somehow escaped a t tent ion  
unt i l  I to  e t  a l .  (1969)  and Mizuno e t  a l .  (1971)  repor ted  s imi la r  changes  
of  the  nerve  f ibre  appearance  in  ear ly  s tages  of  re t robulbar  neur i t i s .  
They sugges ted  tha t  the  changes  were  due  to  edema be tween the  nerve  
f ibre  s .  
More  recent ly,  Hoyt  and co-workers  have  descr ibed in  de ta i l  nerve  fibre  
changes  in  severa l  acute  opt ic  neuropathies .  They have  s ta ted  tha t  coarse­
ness  of  nerve  f ibre  s t r ia t ions  and increased opaci ty  of  the  nerve  f ibre  
layer  i s  character is t ic  of  acute  s tages  of  re t robulbar  neur i t i s ,  Leber ' s  
opt ic  neuropathy,  cons t r ic t ive  opt ic  neuropath ies ,  and i schemic  opt ic  
neuropathy (Smith  e t  a l .  ,  1973;  Hoyt ,  1976) .  I t  has  be  en  suggested  tha t  
the  g reyish  blurr ing  of  nerve  f ibre  t i ssue  in  ear ly  papi l loedema and in  
acute  e levat ion  of  the  in t raocular  pressure  i s  due  to  swel l ing  caused by 
a  blocked axonal  t r anspor t  a t  the  opt ic  d isc .  (Hoyt  & Knight ,  1973;  Hoyt ,  
1976) .  
Atrophy of  the  nerve  f ibre  layer .  
Vogt  descr ibed to ta l  at rophy of  nerve  f ibres  in  widespread areas  of  the  
re t ina .  According to  h im the  nerve  fibre  s t r ia t ion  was  los t  and replaced 
by a  "Marmorierung"  of  the  re t ina  (Vogt ,  1913) .  A more  deta i l ed  know­
ledge of  the  nerve  fibre  abnormal i t ies  has  been obtained through modern  
s tudie  s .  
Defects  in  the  ne rve  f ibre  layer  may be  focal  and/or  widespread in  the  
fundus .  Focal  defec ts  appear  as  dark  s l i t s  or  grooves  in  the  per ipapi l la ­
ry  arcuate  areas  (Hoyt  & Newman,  1972;  Hoyt  e t  a l .  ,  1973) .  They a re  
probably  due  to  a  focal  loss  of  ad jacen t  axons  or  bundles  of  axons .  These  
s l i t - l ike  gaps  a re  bes t  seen in  the  a rcua te  bundles ,  one  or  two disc  d iam­
eters  away f rom the  opt ic  d isc .  Such smal l  defec ts  a re  of ten  h idden by 
o ther  nerve  f ibre  bundles  near  the  opt ic  d isc  because  of  the  convergence  
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of  the  remain ing  nerve  f ib res .  I f  a t rophy  involves  severa l  ad jacent  nerve  
f ibre  bundles  the  re su l t ing  defec t  has  a  wedge-shaped  appearance  (Hoyt  
e t  a l .  ,  1972  a ) .  A  wedge-shaped  de fec t  can  be  t raced  from the  d i sc  mar ­
g in  a t  leas t  one  or  two di sc  d iamete rs  away,  be fore  i t  fades  f rom view.  
In  whi te  l igh t ,  such  a  de fec t  appears  redder  than  the  ad jacen t  nerve  fibre  
l ayer  and  i t  appears  darker  when  red- f ree  l igh t  is  used .  With in  the  wedge-
shaped  a rea  no  vessel s  a re  obscured  by  nerve  f ibre  bundles .  A foca l  los s  
of  axons  may  be  seen  as  a  dark  s t reak  in  a reas  wi th  medul la ted  nerve  
f ib res  (Sharp  & Sanders ,  1975) .  
Wedge-shaped  defec ts  have  been  produced  in  Rhesus  monkeys  by  a rgon  
laser  photocoagula t ion  (Fr i sch  e t  a l .  ,  1974) .  The  defec t s  were  document ­
ed  by  fundus  photography .  Examina t ion  of  h i s topa tho log ica l  sec t ions  con­
f i rmed  the  p resence  of  a l t e ra t ions  cor responding  to  the  defec t s .  There  
was  an  obvious  loss  of  ne rve  f ibres .  
A widespread  a t rophy  of  ne rve  f ib re s  i s  usua l ly  bes t  seen  in  the  pe r i ­
pap i l la ry  a rea .  I f  t he  a t rophy  i s  incomple te  there  wi l l  on ly  be  a  d i f fuse  
th inn ing  of  the  nerve  f ib re  l ayer .  The  s igns  of  such  a  defec t  inc lude  a  de­
creased  nerve  fib re  opac i ty ,  espec ia l ly  in  the  a rcua te  a reas ,  l e ss  p ro­
minent  s t r i a t ions ,  and  somet imes  a  decrease  in  vesse l  diameter .  In  to ta l  
a t rophy ,  the re  i s  a  comple te  loss  of  ne rve  fib re  opac i ty  and  nerve  fib re  
s t r ia t ion .  Large  vesse l s  appear  nar row and  wi th  a  shea th ing  c lose  to  the  
d i sc .  Vesse ls  of  medium s ize  and  smal l  vesse l s  a re  no  longer  obscured  
by  nerve  bund les .  Smal l  vessel s  a re  d i f f icu l t  to  vi sua l ize .  The  re t ina  
of ten  acqu i re s  a  granula r  appearance  ( re t ina l  mot t l ing) .  (Hoyt  e t  al .  ,  1973)  
Extens ive  ne rve  f ibre  de fec ts  a re  assoc ia ted  wi th  changes  of  the  op t ic  
d i sc .  A wedge-shaped  defec t  may  be  accompanied  by  a  no tch  in  the  op t ic  
d i sc  r im.  I f  n e rve  fib re  a t rophy  i s  widespread  and  to ta l ,  the  co r respond­
ing  d i sc  sec tor  i s  pa le  and  conta ins  a  reduced  number  of  v i s ib le  smal l  
ve  s  se l s .  
Occur rence  of  ne rve  fib re  defec t s  in  var ious  d i seases .  
Nerve  f ib re  de fec ts  have  been  repor ted  in  many d i seases  a f fec t ing  the  
an te r io r  v i sua l  pa thways  on  va r ious  leve ls  (Table  IV) .  
In  the  immature  human b ra in  a  supragenicu la te  l es ion  may be  fo l lowed by  
a  re t ina l  ne rve  fib re  l aye r  defec t  due  to  re t rograde  t rans  -  synapt ic  degene­
ra t ion .  Such  de fec t s  in  supragenicu la te  le s ions  have  been  repor ted  by  
Hoyt  e t  a l .  (1972  b) ,  Hoyt  & Kommere i l  (1973) ,  Hoyt  (1976) ,  Manor  & 
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Korczyn  (1976)  and  Fr i sen  & Holmegaard  (1977) .  
In  adu l t s  wi th  acqu i red  homonymous  hemianopia  the  s i t e  of  the  l es ion  
de termines  whether  re t ina l  ne rve  f ibre  changes  occur  or  no t  ( Lauber ,  
1927) .  Les ions  of  the  op t ic  rad ia t ion  a re  no t  fol lowed by  re t ina l  nerve  
f ibre  a t rophy ,  bu t  les ions  of  the  opt ic  t rac t  wi l l  r e su l t  in  typ ica l  changes  
in  bo th  fundi .  In  the  ips i la te ra l  eye  the  ne rve  f ib res  f rom the  t empora l  
re t ina l  ha l f  wi l l  be  miss ing  and  the  normal  d i f fe rence  between  the  p ro­
minent  a rcua te  bund les  and  the  nasa l  bundles  wi l l  be  decreased .  In  the  
cont ra la te ra l  eye ,  the  nerve  f ibre s  from the  nasa l  hemi- re t ina  a re  miss­
ing  and  there fore  the  per ipap i l l a ry  nasa l  and  tempora l  a reas  lack  ne rve  
f ibre  opac i ty  and  s t r i a t ions .  The  a rcua te  bund les  have  a  no rmal  appea r ­
ance .  The  op t ic  d i sc  of  the  ip s i la te ra l  eye  somet imes  shows  a  mi ld  t em­
pora l  pa l lo r .  In  the  cont r a la te ra l  eye  the re  may  be  a  hor izonta l  band-
shaped  pa l lo r  and  the  nasa l  and  temporal  di sc  borde rs  a re  sharp ly  de­
f ined .  Such  nerve  f ibre  defec t s  in  op t ic  t rac t  les ions  have  been  repor ted  
by  Lauber  (1927) ,  Hoyt  e t  a l .  (1972  b) ,  Hoyt  & Kommere l l  (1973) ,  Lund­
s t röm (1974) ,  and  Hoyt  (1976) .  
When  t rans  -  synapt ic  degenerat ion  occurs ,  supragenicu la te  l e s ions  p ro­
duce  the  same nerve  f ib re  de fec ts  as  op t ic  t rac t  le s ions .  
In  l e s ions  of  the  l a te ra l  gen icu la te  nuc leus ,  hemire t ina l  nerve  f ibre  de­
fec t s  have  been  found  (Hoyt ,  1975) .  
Les ions  of  t he  op t ic  ch iasm a l so  produce  re t ina l  nerve  f ib re  defec t s .  
Acqui red  ch iasmal  l es ions  wi l l  be  d i scussed  in  a  fo l lowing  chapte r .  Nerve  
f ib re  defec t s  due  to  congeni ta l  ch iasmal  defec ts  have  been  repor ted  by  
Davie s  & Shock  (1975)  and  Hoyt  (1976)  in  sep to-opt ic  dysp las ia .  The  nerve  
f ib re  defec t s  in  bo th  eyes  were  s imi la r  to  those  descr ibed  in  the  con t ra ­
la te ra l  eye  in  op t ic  t rac t  les ions .  However ,  the  op t ic  d i scs  were  hypo­
p las t ic  in  the i r  nasa l  ha lves  wi th  a  wh i te  sc le ra l  ha lo  a round  the  d i sc .  
Severa l  d i sorders  a ffec t ing  the  op t ic  ne rve  may produce  ne rve  fib re  de­
fec t s .  Hoyt  (1976)  descr ibed  nerve  f ib re  defec t s  in  pa t ien t s  wi th  con­
geni ta l  op t ic  nerve  hypoplas ia .  Fr i sen  & Holmegaard  (1977)  observed  
sub t le  nerve  fib re  defec t s  a l so  in  cases  wi th  hypoplas ia  of  such  smal l  
degree  tha t  d i sc  involvement  was  equivoca l  on ly .  Nerve  f i b re  defec ts  due  
to  bul le t  in ju ry  have  been  repor ted  by  Vogt  (1921) .  Vogt  repor ted  loss  of  
ne rve  f ib re  re f lexes  s ix  weeks  a f te r  the  in jury .  
Compress ion  of  t he  op t ic  nerve  due  to  ex t r ins ic  and  in t r ins ic  tumours  may  
a l so  cause  nerve  f ib re  defec t s  ( Johansson  & Enoksson ,  1976) .  
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Table  IV.  
Survey  of  ne rve  fib re  l ayer  de fec ts  repor ted  in  the  l i t e ra ture .  
I .  Supragen icu la te  
pa thways  
I I .  La te ra l  gen i ­
cu la te  body  
I I I .  Opt ic  t rac t  
IV.  Opt ic  ch iasm 
V.  Opt ic  ne rve  
VI .  Opt ic  d i sc  
VII .  Re t ina  
congeni ta l  
de fec t  
compre  s  s ion  
congeni ta l  op t ic  
nerve  hypoplas ia  
tumour  ( in t r ins ic  
and  compress ion)  
t rauma 
opt ic  neur i t i s  
tobacco-a lcohol  
amblyopia  
g laucoma 
low tens ion  
g laucoma 
i schemic  op t ic  
neuropa thy  
"d i f fuse  re t in i t i s "  
"neur  o re t in i t i s  
lue t ica"  
re t in i t i s  p igmen­
tosa  
re t ina l  vascu lar  
d i sease  
Hoyt  e t  a l .  1972  b ;  Hoyt  & 
Kommere l l  1973 ;  Hoyt  1976 ;  
Manor  & Korczyn  1976 ;  
F r i sen  & Holmegaard  1977.  
Hoyt  1975.  
Lauber  1927 ;  Hoyt  & Kommerel l  
1973 ;  Lunds t röm 1974 ;  Hoyt  
1976.  
Davie  s  & Shock  1975;  Hoyt  
1976 .  
Vogt  1925;  F i scher  1935.  
Hoyt  197  6 ;  F r i sen  & Holme­
gaard  1977 .  
Johansson  & Enoksson  1976.  
Vogt  1921 .  
Vogt  1921 ;  Fr i sen  & Hoyt  1974;  
Lunds t röm 1974;  Hoyt  1976 ;  
Sharp  & Sanders  1975 .  
Vogt  1921 .  
Vogt  1925 ;  Hoyt  e t  a l .  1973 ;  
Iwata  e t  a l .  1975  b .  
Lunds t röm 1974 ;  Hoyt  1976 .  
Lunds t röm 1974 ;  Hoyt  1976 .  
Af fo l te r  1917 .  
Vogt  1921 .  
Vogt  1925 .  
Vogt  1921;  Hoyt  e t  a l .  1972  a ;  
Lunds t röm 1974.  
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In  re t robu lbar  neur i t i s  re t ina l  ne rve  fib re  defec ts  have  been  repor ted  
by  Vogt  ( I92I )  and  Hoyt  (1976) .  Vogt  to ld  tha t  in  severa l  cases  wi th  r e t ro­
bu lbar  neur i t i s  l eading  to  permanent  scotomas ,  the  ne rve  f ib re  s t r i a -
t ions  between  the  op t ic  d i sc  and  the  macula  ( the  p api l lomacula r  bund le )  
were  rep laced  by  "Marmor ie rung" .  In  op t ic  neur i t i s  due  to  demyel ina t ing  
d i sease  a  typ ica l  pa t te rn  of  ne rve  fib re  defec t s  has  been  repor t ed  by  
Fr i sen  & Hoyt  (1974)  and  conf i rmed by  o the rs  (Lunds t röm,  1974 ;  Sharp  
& Sanders ,  1975) .  In  t hese  cases  mul t ip le  s l i t - l ike  defec t s  occur red  in  
the  per ipap i l l a ry  nerve  fib re  l ayer .  
In  some cases  s l i t - l ike  defec t s  were  found  a l so  in  asymptomat ic  eyes ,  
ind ica t ing  a  subc l in ica l  sca t te red  a t t r i t ion  of  axon  bundles .  In  cases  
wi th  so -ca l led  tobacco-a l cohol  amblyopia  Vogt  (1921)  repor ted  tha t  
a t rophy  of  p ap i l lomacula r  nerve  fib res  might  occu r .  
Severa l  l e s ions ,  usua l ly  c lass i f ied  as  op t ic  d i sc  l es ions ,  cause  defec t s  
in  the  nerve  f ibre  pa t te rn .  I t  w as  obvious  a l ready  to  Vogt  (1921)  tha t  
advanced  g laucoma would  be  assoc ia ted  wi th  extens ive  ne rve  f ibre  a t rophy .  
Ear ly  and  moderate  l es ions  due  to  g l aucoma al so  produce  nerve  f ib re  de­
fec ts  (Hoyt  & Newman,  1972 ;  Hoyt  e t  a l .  ,  1973 ;  Iwata  e t  a l .  ,  1975  b) .  
These  defec t s  inc lude  s l i t - l ike  and  wedge- l ike  gaps  in  the  a rcua te  bundles  
and  they  a re  probably  ea r ly  s igns .  As  the  a t rophy  increases ,  these  foca l  
defec t s  become les s  d is t inc t  due  to  the  d i f fuse  th inning  of  a l l  sur round­
ing  nerve  f ib re  t i s sue .  Such  ea r ly  de fec ts  have  a l so  been  found  in  pa t ien t s  
wi th  so -ca l led  ocu la r  hyper tens ion  (Hoyt  & Newman,  1972) .  
In  low tens ion  g l aucoma,  on  the  o ther  hand,  a  somewhat  di f fe ren t  spec­
t rum of  de fec t s  has  been  repor ted  (Lunds t röm,  1974;  Hoyt ,  1976) .  
These  defec t s  compr ise  b road  wedges  o r  to ta l  sec to rs  of  the  re t ina  wi th  
cor responding  deeply  excava ted  d i sc  sec to rs .  The  sur rounding  nerve  
f ib re  l ayer  usua l ly  has  a  normal  appearance .  Extensive  ne rve  fib re  de­
fec t s  a re  a l so  repor t ed  in  i schemic  op t ic  neuropa thy  toge ther  wi th  a  
cor respond ing  pa le  f l a t  sec tor  of  the  op t ic  d i sc  (Lunds t röm,  1974;  Hoyt ,  
1976) .  
O ther  l es ions  such  as  op t ic  d i sc  d rusen  and  op t ic  p i t  a re  commonly  asso­
c ia t ed  wi th  defec t s  in  the  nerve  fib re  l ayer  (Fr i sen ,  per sona l  com­
munica t ion) .  These  de fec ts  a re  usua l ly  foca l ,  bu t  i n  cases  wi th  advanced  
drusen  ex tens ive  nerve  fib re  defec t s  a re  common.  
Re t ina l  l e s ions  may produce  an  ascending  degenera t ion  and  there fore  a l so  
nerve  f ibre  defec t s .  Such  defec t s  have  been  found  in  pa t i en t s  wi th  "d i f ­
fuse  re t in i t i s "  (Affol te r ,  1917) ,  "neurore t in i t i s"  (Vogt ,  1  92  1  ) ,  r e t i n i t i s  
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pigmen tosa  (Vogt ,  1925) ,  r e t ina l  a r te r ia l  occ lus ion  (Vogt ,  1921) ,  and  
cen t ra l  ve in  th rombos is  (Vogt ,  1925) .  Usua l ly  the  de fec ts  a re  widespread  
and  to ta l .  In  a r te r i a l  hyper tens ion  wedge-shaped  defec t s  have  been  ob­
se rved  fo l lowing  reso lu t ion  of  exuda tes  (Hoyt  e t  a l .  ,  1972  a ;  Lunds t röm,  
1974) .  Wedge-shaped  defec ts  a re  a l so  common fo l lowing  re t inochoro-
id i t i s .  In  jux tapapi l l a ry  l e s ions  the  de fec ts  somet imes  engage  l a rge  sec ­
tors  of  the  re t ina  (personal  observat ions) .  
I f  p ap i l loedema deve lops  in  an  eye  wi th  ne rve  fib re  defec t s  i t  wi l l  be  r e ­
s t r i c ted  to  those  sec tors  of  t he  d i sc  and  the  per ipap i l l a ry  re t ina  tha t  con­
ta in  nerve  f ib res .  This  was  f i r s t  shown in  pa t ien t s  wi th  op t ic  t r ac t  a t ro ­
phy  by  Paul  .& Hoyt  (1976) .  
Cor re la t ion  wi th  v isua l  f ie ld  defec t s .  
Al l  modern  repor t s  on  red- f ree  funduscopy  c la im a  c lose  cor respondence  
between  nerve  f ibre  defec t s  and  v isua l  f ie ld  defec ts .  In  p a t ien t s  wi th  la rge  
defec t s  compr i s ing  one  ha l f  o f  the  re t i na  a  cor respondence  has  been  shown 
by  Hoyt  and  co-workers  (Hoyt  e t  a l .  ,  1972b;  Hoyt  & Kommere i l ,  1973) .  
Such  a  re la t ionship  has  a l so  been  shown in  pa t i en t s  wi th  sec tor -shaped  
defec t s  due  to  vascu la r  d i sorders  (Lunds t röm,  1974) .  With  nar row wedge-
shaped  or  s l i t - l ike  defec t s  the  cor respond ing  fie ld  de fec t  may  be  more  
d i f f icu l t  to  demons t ra te .  The  cor responding  sco tomas  a re  bes t  revea led  
a t  the  t angent  sc reen  (Hoyt  e t  a l .  ,  1973;  Fr i sen  & Hoyt ,  1974  ) .  
Conc lud ing  remarks .  
Any d i sease  tha t  causes  c ros  s  -  sec t iona l  damage  anywhere  a long  the  axon  
of  a  re t ina l  gangl ion  ce l l ,  p roduces  axona l  degene ra t ion  bo th  above  and  
below the  l e s ion .  Logical ly ,  such  damage  wi l l  a lways  be  fo l lowed by  a  
de fec t  in  the  re t ina l  ne rve  f ib re  l ayer .  Such  a  defec t  shou ld  be  v i s ib le  
ophtha lmoscopica l ly ,  p rovided  tha t  the  number  of  ad jacen t  axons  tha t  
have  been  des t royed  i s  suf f ic ien t ly  l a rge .  
Many au thors  have  s ta ted  tha t  changes  of  t he  re t ina l  ne rve  f ib re  l ayer  a re  
eas ier  to  de tec t  than  the  cor responding  changes  of  the  op t ic  d i sc .  Cer ta in­
ly ,  the  mos t  de ta i led  info rmat ion  abou t  the  ana tomica l  damage  wi l l  be  ob­
ta ined  by  a  s imul taneous  eva lua t ion  of  bo th  the  nerve  fib re  l ayer  and  the  
op t ic  d i sc .  
Our  p resent  s ta te  of  knowledge  i s  va l id  on ly  for  s ta t i c  abnormal i t i es  in  
the  re t ina l  nerve  f ib re  l ayer .  No in format ion  is  ava i lab le  abou t  t he  dy­
namic  evolu t ion  of  nerve  fib re  defec ts .  Longi tud ina l  s tud ies  of  the  r e t -
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ina l  ne rve  f ib re  l ayer  in  g laucoma and  o ther  d i seases  mus t  be  cons ider ­
ed  as  impor tan t .  
The  re la t ionsh ip  be tween  pos i t ion  in  the  re t ina  and  pos i t ion  in  the  vi sua l  
f ie ld  i s  incomple te ly  known (F r isen  & S chölds t röm,  1977) .  An accura te  
cor re la t ion  be tween  fie ld  defec t s  and  nerve  f ibre  de fec ts  requi res  knowl­
edge  of  the  ind iv idua l  re t ina l  d i s t r ibu t ion  of  gangl ion  ce l l  bodies .  A  fo r­
midab le  h is topa tho log ic  p ro jec t !  
NERVE FIBRE ABNORMALITIES IN COMPRESSION OF THE CHIASM 
Previous  repor ts .  
In  pa t ien t s  wi th  ch iasmal  compress ion  due  to  p i tu i ta ry  adenoma,  fundu-
scopic  observa t ions  have  been  la rge ly  conf ined  to  op t ic  d i sc  pa l lo r .  Re­
por t s  on  re t ina l  nerve  f ibre  changes  have  been  ra re  and  in  no  case  docu­
mented  by  fundus  photography .  
Vogt  (1921)  descr ibed  a  to ta l  lo ss  of  n e rve  fib re  s t r i a t ions  in  a  case  wi th  
b i l a te ra l  amauros i s  due  to  a  p i tu i ta ry  tumour .  The  vesse l s  were  p romi­
nent  and  no rmal  in  s ize .  F i scher  (1935) ,  in  a  repor t  on  op t ic  a t rophy  in  
p i tu i t a ry  tumours ,  made  some observa t ions  on  nerve  f ibre  l aye r  in  red-
f ree  l igh t .  In  one  pa t ient  wi th  a  normal  op t ic  d i sc ,  there  were  s igns  of  
a t t r i t ion  of  the  nerve  fib res  from the  t empora l  re t ina .  In  ano ther  pa t i ent  
wi th  tumour  recur rence  and  a  pa le  op t ic  d i sc ,  an  obvious  was t ing  of  n e rve  
f ib res  a l l  a round  the  op t ic  d i sc  was  seen .  Fur thermore ,  F i scher  repor ted  
tha t  in  pa t ient s  wi thout  advanced  damage ,  a  los s  of  ne rve  f ib re  bundles  
t emporal  and  nasa l  to  the  op t ic  d i sc  was  seen .  The  nerve  fib re  bundles  
above  and  be low the  d i sc  appeared  normal .  Gar tne r  (1951) ,  in  a  case  wi th  
a  mal ignant  p i tu i t a ry  tumour ,  observed  a  sub t le  change  of  colour  and  
sheen  of  the  nasa l  re t ina  sugges t ing  degenera t ion .  His topa tho log ic  exam­
ina t ion  conf i rmed a t rophy  of  nerve  f ib res  and  gang l ion  ce l l  bodies .  
Conc luding  remarks .  
Very  l i t t l e  i s  known about  t he  inc idence  and  d i s t r ibut ion  of  nerve  f ibre  
l ayer  changes  in  pa t ien t s  wi th  ch iasmal  compress ion.  The  observa t ions  
cont r ibu ted  by  Vogt  and  Gar tne r  concerned  to ta l  at rophy .  F i scher  (1935)  
ment ioned  a  few ins tances  of  pa r t ia l  a t rophy .  The  wide  spec t rum of  v i sua l  
f i e ld  defec ts  in  pa t ien t s  wi th  ch iasmal  compress ion  sugges t s  tha t  there  
must  be  a  g rea t  var ia t ion  in  degree  and  di s t r ibu t ion  of  n e rve  f ib re  a t rophy .  
A cl in i ca l  s tudy  of  the  re t ina l  ne rve  fibre  l ayer  and  of  the  op t ic  d i sc  may  
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wel l  reveal  a  h igher  inc idence  of  ana tomica l  damage  than  a  s tudy  of  the  
op t ic  d i sc  a lone .  
VISUAL FIELD DEFECTS IN COMPRESSION OF THE CHIASM 
Genera l  cons idera t ions .  
Defec t s  in  the  v i sua l  fi e lds  due  to  compress ion  of  the  ch iasm have  been  
extens ive ly  documented  in  the  l i t e ra ture  (e .g .  Cush ing  & Walker ,  1915 ;  
Henderson ,  1939 ;  Chaml in  e t  a l .  ,  1955 ;  Ver r ie s t ,  1975) .  Defec t ive  v i s ­
ua l  func t ion  has  a l so  been  shown wi th  objec t ive  methods  as  exempl i f ied  
by  v i sua l  evoked  response  (Hal l iday  e t  a l .  ,  1976;  Wi ldberger  e t  a l .  ,  1976) .  
Bi temporal  fi e ld  defec ts  a re  typ ica l  in  ch iasmal  compress ion .  Such  de­
fec t s  were  f i r s t  descr ibed  by  Mackenzie  in  1835 .  The  ana tomica l -pa tho­
log ica l  bas is  of  b i t empora l  defec t s  i s  in te r fe rence  wi th  fib res  coming  
f rom the  nasa l  ha lves  of  the  re t ina .  These  fib res  c ross  in  the  opt ic  ch iasm 
to  reach  the  cont r a la te ra l  op t ic  t rac t .  The  ex is tence  of  a  semi-decussa-
t ion  was  sugges ted  a l ready  in  1704  by  Newton ,  and  conf i rmed la te r  by  
o thers  (von  Gi idden ,  1874 ;  Ca ja l ,  1899) .  A  h igh ly  readable  rev iew of  t he  
ea r ly  theor ies  on  a  semi-decus  sa t ion  of  the  op t ic  nerves  has  been  g iven  
by  Rucker  (1958) .  
Many inves t iga to rs  have  t r i ed  to  c la r i fy  the  exact  re t inotop ic  o rgan izat ion  
of  the  op t ic  ch iasm (Rönne ,  1914;  Brouwer  & Zeeman ,  1926;  Hoyt ,  1962 ;  
Hoyt  & Luis ,  1963) .  Knowledge  of  the  nerve  f ib re  course  in  the  ch iasm 
could  fac i l i t a t e  a  prec i se  loca l iza t ion  of  the  l e s ion  by  examining  the  vi s ­
ua l  f ie ld  defec t .  Such  a  p rec i se  loca l i z ing  va lue  of  v i sua l  fi e lds  has  been  
main ta ined  by  severa l  au thors  (e .g .  Knapp ,  1940;  Adler  e t  a l .  ,  1948;  
T immerman,  1966) .  However ,  the  in t r ins ic  ne rve  fib re  organ iza t ion  of  
the  human op t ic  ch iasm i s  s t i l l  incomple te ly  unders tood ,  and  top ica l  
in te rpre ta t ion  of  v i sua l  f ie ld  defec t s  on  th i s  bas i s  requi re s  care  (Huber ,  
1971) .  Fur thermore ,  the  loca l iza t ion  of  the  op t ic  ch iasm i s  var iab le  (de  
Schwein i tz ,  1923;  Hughes ,  1954) .  Somet imes  compres  s ion  by  ad jacen t  
s t ruc tures  (e .  g .  an te r io r  communica t ing  a r te ry ,  an te r io r  ce rebra l  a r te­
ry)  i s  superposed  on  tumour  compress ion  (TUrck,  1852;  Henderson ,  1939 ;  
Rucker  & Kernohan ,  1954 ;  Hi r sch ,  1965) .  
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Spect rum of  f i e ld  de fec t s  in  compress ion  of  the  ch ia sm.  
Bi tempora l  f ie ld  de fec t s  have  been  repor ted  in  52  to  96  pe r  cen t  of  p a ­
t ien t s  wi th  p i tu i ta ry  adenomas  (Bakay ,  1950 ;  Chaml in  e t  a l .  ,  1955 ;  Nover ,  
1962) .  The  var i a t ion  in  inc idence  may re f lec t  d i f f é renc ies  in  (a )  charac te r  
of  the  tumour ,  (b)  def in i t i on  of  a  b i tempora l  f ie ld  defec t ,  and  (c )  v i sua l  
f ie ld  examina t ion  techniques .  Some ma ter ia l s  a re  composed  so le ly  of  
ch romophobe  adenomas  (Bakay ,  1950 ;  Chaml in  e t  a l . ,  1955) ,  o the rs  of  
bo th  chromophobe  and  eos inoph i l  adenomas  (Lyle  & Clover ,  1961) .  In  
some mater ia l s  the  figure  for  b i t empora l  f ie ld  defec t s  a l so  inc ludes  un i -
tempora l  fi e ld  defec t s  (Hi r sch  & Haml in ,  1954) .  In  othe rs  amauros i s  in  
one  eye  and  a  tempora l  defec t  in  the  o ther  eye  a re  inc luded  as  wel l  
(Henderson ,  1939) .  V isua l  f ie ld  defec t s  of  d i f fe ren t  sever i ty  were  r e ­
cognized  as  s tages  in  a  progress ive  condi t ion  a l ready  in  1903  by  Josefs -
son .  Also  Cushing  & Walker  (1915)  c la imed  tha t  there  ar e  typ ica l  s tages  
of  f i e ld  defec t s  in  ch iasmal  compress ion ,  and  they  descr ibed  no  l e s s  than  
e igh t  s tages .  The  ear ly  s tages  inc lude  depress ions  in  the  super ior  t em­
pora l  quadran ts .  In  la te r  s t ages ,  the  f i e ld  defec t s  p rogress  to  the  in ­
fe r io r  t empora l  quadran ts ,  l eading  to  abso lu te  b i tempora l  defec t s .  There­
af te r , a  breakdown of  the  nasa l  f i e ld  fo l lows ,  usua l ly  beg inn ing  wi th  the  
in fe r io r  quadran ts  ;  the  super io r  nasa l  quadrants  f requent ly  a re  the  mos t  
re s is tan t  (Lauber ,  1944 ;  Enoksson ,  1965 ;  Huber ,  1971) .  Cush ing  & Walk­
e r  (1915)  c la imed  tha t  the  defec t s  ra re ly  advance  symmetr i ca l ly  in  bo th  
eyes .  This  has  been  contes ted  by  Huber  (1971) .  
Bi t empora l  fi e ld  de fec ts  a re  the  mos t  frequent  defec t s  accord ing  to  the  
l i t e ra ture ,  bu t  a lmos t  a l l  ex i s t ing  combina t ions  of  f i e ld  defec t s  may  
occur .  There  a re  repor t s  on  homonymous  hemianops ia  (Henderson ,  1939 ;  
H i rsch  & Haml in ,  1954) ,  cen t ra l  scotoma (Schlez inger  & Thompson,  1967 ;  
Sugi ta  e t  a l .  ,  1975) ,  t empora l  sco toma (Lyle  & C lover ,  1961;  Wi lson  & 
Fa lconer ,  1968) ,  a rcua te  defec t s  (Kearns  & Rucker ,  1958;  Enoksson ,  
1965) ,  a l t i tud ina l  de fec ts  (Enoksson ,  1965) ,  and  binasa l  de fec t s  (Huber ,  
1971) .  
V isua l  f ie ld  examina t ion  techniques .  
Visua l  f ie lds  have  usual ly  been  examined  in  the  per imete r ,  a t  the  t angent  
screen  o r  by  a  combina t ion  of  bo th  methods .  
The  ea r l i es t  changes  in  ch iasmal  in ter fe rence  a re  found  in  the  1 /2000  
i sopte r  acco rding  to  Chaml in  & Davidof f  (1950) .  They  s t a ted  tha t  the  
I /2OOO f ie ld  a l so  i s  the  l a s t  to  recove r .  A se r ious  d isadvantage  wi th  the  
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t angen t  sc reen  i s  tha t  the  t es t  objec t s  have  a  var iab le  v i sua l  ang le  and  
tha t  they  a re  d i f f i cu l t  to  s t andard ize  (Cushing  fa  W alke r ,  1915 ;  Fr i sen ,  
I974) .  These  p rob lems  a re  avoided  in  modern  per imete rs ,  which  al so  
a l low a  more  soph is t ica ted  ana lys i s .  Ver r ies t  (1975)  has  advoca ted  k i ­
ne t ic  per imet ry  wi th  severa l  t es t  ob jec t s  to  ob ta in  an  accura te  p ic ture  of  
bo th  the  cen t ra l  and  the  per iphe ra l  fi e ld .  
Coloured  t es t  objec t s  have  been  wide ly  used  ear l i e r ,  bu t  a  ca re fu l ly  per ­
formed v isua l  f i e ld  examina t ion  wi th  ach romat ic  t es t  ob jec ts  i s  nowadays  
he ld  to  be  equal ly  sens i t ive  (Chaml in  & Davidof f ,  1950 ;  Dubois -Poulsen ,  
1952;  Enoksson ,  1953;  Huber ,  1971) .  However ,  co loured  t es t  objec ts  
have  recen t ly  been  used  wi th  advantage  in  examina t ions  bui l t  on  supra ­
l imina l  co lour  sa tu ra t ion  (Fr i sen ,  1973  b ;  Enoksson  & F r i s t röm,  1975) .  
S ta t ic  per ime t ry  has  a l so  been  used  (Harms ,  1954 ;  Aulhorn ,  1972) .  Harms  
( I954)  advoca ted  a  combina t ion  of  k ine t ic  and  s ta t i c  pe r ime t ry  in  o rde r  
to  ob ta in  maximal  in format ion .  In  m os t  modern  repor ts  on  chiasmal  com­
press ion ,  the  v isua l  f i e ld  examina t ions  have  been  per fo rmed by  k ine t ic  
pe r ime t ry  wi th  ach romat ic  t e s t  objec t s  only .  
Conc lud ing  remarks .  
Accord ing  to  the  l i t e ra tu re ,  compress ion  of  t he  ch iasm may be  a ssoc ia t ­
ed  wi th  an  a lmos t  in f in i te  var ie ty  of  f i e ld  defec ts .  Unfor tuna te ly ,  i t  i s  
d i f f i cu l t  to  eva lua te  the  inc idence  of  va r ious  fie ld  defec ts  repor t ed  in  the  
l i t e ra ture  because  of  va ry ing  def in i t ions .  The  t e rm bi t empora l  hemianop­
s ia ,  for  ins tance ,  ought  to  be  p rese rved  fo r  abso lu te  b i l a te ra l  defec t s  in  
bo th  t emporal  quad ran ts .  Fur the rmore ,  the  examina t ion  techniques  a re  
ra re ly  descr ibed  in  de ta i l .  Vary ing  examina t ion  techniques  may  expla in  
the  var ia t ion  in  occur rence  of  t emporal  sco tomas  and  tempora l  depres­
s ions  re spec t ively ,  found  in  the  l i t e ra ture .  
Mos t  au thors  agree  about  the  impor tance  of  a  cen t ra l  fi e ld  examina t ion  
in  cases  wi th  ch iasmal  d i s turbances .  Therefore ,  when  a  se r ie s  of  pa t i en t s  
a re  examined  by  pe r imet ry ,  the  t e s t  ob jec ts  mus t  be  se lec ted  ind iv idua l ly  
in  o rder  to  ob ta in  adequa te  sens i t iv i ty .  Kine t ic  per ime t ry  combined  wi th  
an  examina t ion  of  de fec t ive  a reas  by  s ta t i c  per imet ry  seems  to  be  an  op­
t imal  s t ra tegy .  
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PRESENT INVESTIGATION 
Compress ion of  the  ch iasm often  causes  i r revers ible  v isual  fie ld  defec ts .  
S igns  of  i r revers ible  anatomical  damage,  as  re f lec ted  by pal lor  of  the  
opt ic  d isc ,  a re  not  equal ly  f requent ly  found according to  the  l i tera ture .  
A d i rec t  inspect ion  of  the  nerve  f ibre  bundles  in  the  per ipapi l lary  area  
may revea l  abnormal i t ies  cons is tent  wi th  the  funct ional  defec i t .  Al though 
the  appearance  of  such nerve  f ibre  abnormal i t ies  can  be  predicted  from 
present  knowledge of  anatomy,  such defects  have  not  ye t  been document­
ed  by objec t ive  methods .  S imi lar ly,  there  should  be  a  c lose  re la t ionship  
be tween the  sever i ty  of  v isual  def ic i t  and the  degree  of  anatomical  damage,  
a t  leas t  in  pat ien ts  in  a  pos topera t ive  s teady s ta te .  This  poss ibi l i ty  mer­
i t s  inves t iga t ion .  I f  such a  re la t ionship  can be  def ined,  i t  should  a lso  be  
poss ible  to  predict  prognosis  fo r  improvement  in  pa t ients  wi th  ac t ive  le­
s ions :  obvious ly ,  any improvement  i s  l imi ted  by the  degree  of  i r revers­
ible  damage.  
The syndrome of  ch iasmal  compress ion may be  due  to  a  var ie ty  of  l e ­
s ions  a l though chromophobe adenomas probably  are  the  most  common 
cause .  These  tumours  do not  in f i l t ra te  into  the  chiasm.  In  our  hosp i ta l ,  
they a re  usual ly  t reated  by t ranscranial  surgery  a lone ,  and ra re ly  i r ra­
dia ted.  Pat ients  wi th  ch iasmal  compress ion from chromophobe adenomas 
therefore  const i tu te  an  idea l  group for  analys is  of  n erve  f ibre  a t rophy 
due  to  ch iasmal  compress ion .  
PATIENTS 
The evolut ion  of  o pt ic  a t rophy was  s tudied  in  one  pat ient  wi th  a  t raumat ic  
les ion  of  the  int racrania l  pa r t  of  one  opt ic  nerve  ( I ) .  This  was  a  35-year-
old  man with  no previous  his tory  of  eye  disease .  A bul le t  injury  resul ted  
in  immedia te  and permanent  amauros is  of  the  r ight  eye  and an  upper  tem­
pora l  f ie ld  cut  in  the  lef t  eye .  Nei ther  x- ray  examinat ion  nor  surgical  ex­
plora t ion  could  reveal  the  exac t  s i te  of  damage.  The v isual  f i e ld  defec t  
of  the  le f t  eye  suggested  a  les ion  of  the  r ight  an ter ior  knee  of  the  opt ic  
chiasm.  
The appearance  of  t he  re t ina l  ne rve  f ibre  layer  was  s tudied  in  a  ser ies  of  
12  pa t ien ts  who previous ly  had undergone t ranscrania l  surgery  for  chromo­
phobe adenoma (I I ) .  At  the  t ime of  e xaminat ion ,  a l l  these  pat ien ts  were  
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in  a  s teady s ta te  s ince  a t  leas t  s ix  months .  Pat ients  who had been given 
i r radia t ion  t rea tment  were  not  i ncluded because  of  d if f icul t ies  in  evaluat ­
ing  a  poss ib le  ef fec t  of  i r radia t ion  upon opt ic  nerve  f ibres  and re t ina  
(Har r ington,  1958;  Har r i s  & Levens ,  1976) .  
Only  pa t ients  wi thout  p ostopera t ive  impairment  of  t he  v isual  funct ion  
were  se lec ted  in  order  to  avoid  v isual  defec ts  caused by surg ica l  t r auma.  
Pat ients  tha t  could  not  co-opera te  in  v isual  f ie ld  examinat ion  were  not  
inc luded.  Twenty- two eyes  were  examined in  th is  group of  12  pat ients .  
Two eyes  were  excluded because  of  e ye  disease .  The ages  of  the  pat ien ts  
ranged between 28 and 69 years .  There  were  f ive  females  and seven 
male  s .  
The poss ib i l i ty  to  predic t  the  pos topera t ive  recovery  of  v isual  funct ion  
f rom funduscopic  s igns  of  anatomical  damage was  s tudied  in  s ix  consec­
ut ive  pa t ien ts  wi th  suspected  chromophobe adenoma (I I I ) .  They were  ex­
amined before  and af ter  uncompl ica ted  t ranscrania l  su rgery.  The diag­
nosis  chromophobe adenoma was  ascer ta ined by microscopic  examina­
t ion  in  a l l  cases .  There  were  three  males  and three  females .  Thei r  ages  
ranged be tween 30 and 70 years .  The fol low-up per iod  af ter  surgery  rang­
ed be tween three  and twelve  months .  The v isual  f ie lds  were  considered  
to  be  in  a  s teady s ta te  a f ter  th is  t ime in terval .  Most  of  the  pos topera t ive  
v isual  recovery  occurs  wi th in  the  f i r s t  two weeks  af te r  surgery  accord­
ing to  Bakay (1950)  and Kayan &c Ea r l  (1975) .  
METHODS 
Photography.  Al l  fundus  photographs  were  taken by the  author  with  one  
and the  same fundus  camera  provided with  bui l t - in  "red-free"  fi l te rs .  
An in ter ference  f i l te r ,  s imi lar  to  the  f i l t ers  advoca ted  by Behrendt  & 
Wilson (1965)  fo r  photographic  documenta t ion  of  t he  re t ina l  nerve  f ibre  
layer ,  was  used only  in  the  fi rs t  s tudy ( I ) ,  where  the  pa t ien t  was  young 
and had perfec t ly  c lear  ocular  media .  This  f i l te r  proved imprac t ica l  in  
some other  pat ien ts .  Therefore ,  a  broad-band,  low-densi ty  green absorp­
t ion  f i l te r  was  selec ted  when pat ients  wi th  d i f feren t  sever i ty  of  ch iasmal  
les ion  were  examined ( I I ,  I I I ) .  With  th is  f i l te r  i t  was  poss ible  to  obta in  
negat ives  of  equivalent  qual i ty  from fundi  of  a l l  ages .  The l ight  t rans­
mit ted  through th is  f i l te r  was  not  t ruly  red- f ree ,  and the  p ic tures  con­
ta ined more  de ta i l s . f rom deep s t ruc tures  (choroidal  vesse ls ,  p igment)  
than the  p ic tures  obtained wi th  the  in te r ference  f i l te r .  However ,  nerve  
f ib re  v is ib i l i ty  was  near ly  equivalent  in  nega t ives  obta ined with  both  fi l ters .  
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Fig.  4 .  Schematic  drawing of  the  four  per ipapi l lary areas ,  
evaluated separately ,  1 .  Nasal  sector .  2 .  Temporal  sector  
containing the centra l  par t  of  the  papi l lomacular  bundle .  
3 .  Upper  sector  containing the upper  arcuate  bundle  (dot ted 
area) .  4.  Lower sector  containing the lower arcuate  bundle  
(dotted area) .  
Evaluat ion of  the  nerve f ibre  layer .  The nerve f ibre  appearance was eval­
uated by red-free ophthalmoscopy and in  magnif ied (40 X) black-and-white  
photographic  pr ints  (consul t  I I  for  fur ther  detai ls) .  
A sys tem for  regional  grading of  the  nerve f ibre  appearance was devised 
to  ensure uniform assessment  of  the  nerve f ibre  appearance in  a l l  exam­
ined eyes and to  faci l i tate  comparison between different  eyes .  
A mid-chiasmal  les ion wil l  pr imari ly  involve opt ic  nerve f ibres  f rom 
gangl ion cel l  bodies  in  the nasal  hemi-re t ina .  These f ibres  course to­
wards the opt ic  d isc  f rom al l  di rect ions.  They mingle  with non-crossing 
f ibres  in  a l l  areas  except  for  par ts  of  the  nasal  and temporal  peripapi l l ­
a ry areas ,  where they can be seen in  isolat ion.  The exact  borders  of  
these areas  are  not  known,  and they probably vary between different  in­
dividuals .  In  th is  s tudy a  nasal  per ipapi l lary sector  of  60 degrees  and a  
tempora l  sector  of  40 degrees  were considered to  be occupied by f ibres  
f rom the nasal  hemi-ret ina only,  and therefore  these sectors  were eval­
uated separately (Fig .  4) .  The horisonta l  par ts  of  these sectors  were 
considered most  important  when the nerve f ibre  appearance was evaluated.  
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In  the  sectors  above and be low the  opt ic  d isc ,  f ib res  f rom the  nasal  hemi-
re t ina  in termingle  with  fibres  f rom gangl ion  ce l l  bodies  in  the  tempora l  
hemi-re t ina .  These  sectors  were  a lso  evalua ted  separa te ly .  The appear­
ance  of  the  arcuate  bundles  was  considered  most  impor tant  for  the  g rad­
ing.  The nerve  f ibre  appearance  was  scored 0-2  separa te ly  in  each sec­
tor .  The character i s t ic  fea tures  of  e ach score  a re  deta i led  in  I I .  An im­
proved vers ion  i s  g iven in  IV.  The def in i t ions  of  score  0  and score  2  were  
based on f indings  descr ibed in  paper  I .  The  in te rmediary  s tage  (par t ia l  
a t rophy -  score  1)  was  based on prev iously  publ ished repor ts  on d if fuse  
par t ia l  a t rophy of  t he  nerve  f ibre  layer  (Hoyt  e t  a l .  ,  1973;  Lundst röm,  
1974) .  
The  opt ic  d isc  was  evaluated  separa te ly.  The scor ing 0-2  was  based 
pr imar i ly  on the  def ini t ion  of  the  opt ic  d isc  borders  in  o rder  to  avoid  
the  wel l -known di f f icu l t ies  in  evaluat ing  d if feren t  degrees  of  d isc  pa l lor .  
Funct ional  tes ts .  In  a l l  eyes  the  v isual  acui ty  ar id  t he  v isual  f i e ld  were  
tes ted  by the  au thor .  The correc ted  v isual  acui ty  was  determined by us ing 
a  Monoyer-Grans t röm le t ter  char t  a t  5  m.  
The v isual  f ie lds  were  examined by k ine t ic  per imetry  (consul t  I I  for  de­
ta i l s ) .  Though many kinds  of  v isual  f i e ld  defec ts  have  been repor ted  in  
ch iasmal  compress ion due  to  chromophobe adenoma,  temporal  fie ld  de­
fec ts  a re  by far  the  mos t  common.  In  th is  s tudy,  there fore ,  tes t  targets  
were  individual ly  se lec ted  on the  bas i s  of  sensi t iv i ty  in  the  nasal  f ie ld .  
Thus ,  ta rgets  tha t  gave  i sopte rs  wi th  approximate ly  10,  30  and 50 degrees  
of  rad ius  in  the  hor izonta l  nasal  mer id ian  were  prefe r red.  The cent ra l  
i sopter  was  p lo t ted  wi th  a  target  speed of  1  degree  per  second.  The in ter ­
mediary  (30°)  and per iphera l  (50°)  i sopte rs  were  plo t ted  wi th  2  and 5  de­
grees  per  second,  respect ively .  Targets  were  usual ly  moved f rom the  
per iphery  towards  the  point  of  f ixa t ion  a long mer id ians  with  an  in ter ­
space  of  15  degrees .  Two addi t ional  mer id ians  were  examined be tween 
the  15-degree-mer idians  on each s ide  of  the  upper  and lower  ver t ica l  
midl ines .  The borders  of  defects  were  p lo t ted  by targets  moving in  per ­
pendicular  d i rec t ions .  
S ta t ic  per imetry  was  a lso  performed in  order  to  analyse  the  k ine t ic  fie ld  
defects .  The same per imeter  was  used (Haag-Stre i t  Per imeter  940 ST)  
with  i ts  s ta t ic  per imetry  a t tachment .  S ta t ic  per imetry  was  performed 
a long one  o r  two mer id ians  going through the  mos t  defec t ive  par ts  of  the  
k ine t ic  f ie ld  out  to  20 degrees  of  radius .  
A meaningfu l  compar ison be tween funct ional  defects  and s igns  of  anato-
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mica l  damage  requi res  grad ing  of  the  v i sua l  f i e ld  defec t s .  The  scor ing  of  
f i e ld  defec t s  was  bu i l t  upon  an  increas ing  number  of  a f fec ted  quadran ts  in  
the  v i sua l  f i e ld  (consu l t  I I  for  de ta i l s ) .  Cen t ra l  sco tomas  could  no t  be  in­
c luded  in  th i s  scor ing  sys tem,  but  such  defec t s  were  no t  found  in  the  pre ­
sen t  s tudy .  I t  h as  to  be  poin ted  ou t  tha t  none  of  the  scor ing  sys t ems  con­
ta ins  equid i s tan t  s teps .  
RESULTS AND DISCUSSION 
Evolu t ion  of  ne rve  f ib re  damage .  Af te r  a  to ta l  op t ic  nerve  les ion  c lose  to  
the  ch iasm a  d ramat ic  change  of  the  ne rve  f ib re  appearance  was  observed  
( I ) .  The  s t r i a ted  pa t te rn  of  the  nerve  f ibre  l ayer  was  to ta l ly  los t .  The  
ne rve  f ibre  opaci ty ,  espec ia l ly  p rominent  in  the  a rcua te  bundle s ,  was  a l ­
so  to ta l ly  los t ,  and  the  re t ina  acqui r ed  a  g ranular  appearance  ( " re t ina l  
mot t l ing" ) .  The  obscura t ion  of  smal l  and  medium-s ized  vesse l s  by  over ­
ly ing  ne rve  f ib re  bundle s  d isappeared  comple te ly .  The  medium-s ized  
vesse l s  became prominent .  Some of  the  sma l l  vesse l s  were  no  longer  seen  
by  ophtha lmoscopy .  The  la rge  vesse l s ,  espec ia l ly  the  a r te r ies ,  became 
nar row and  appeared  sheathed  c lose  to  the  d i sc .  The  appearance  of  the  
op t ic  d i sc  a l so  changed .  The  d i sc  borde rs  became d is t inc t ,  d i sc  pa l lo r  
appeared  and  a  s l igh t  increase  of  the  cen t ra l  excava t ion  was  noted .  
The  dynamic  changes  documented  he re  jus t i fy  the  fo l lowing  conc lus ions .  
S igns  of  to ta l  at rophy  of  r e t ina l  nerve  f ib res  inc lude  loss  of  n e rve  f ib re  
s t r i a t ions ,  loss  of  ne rve  f ib re  opac i ty ,  exposu re  of  v esse l s ,  a  s l igh t  de ­
c rease  in  d iamete r  of  l a rge  vesse l s ,  vascu lar  shea th ing ,  a  mot t led  ap­
pea rance  of  the  re t ina ,  d i sc  pa l lo r ,  and  exposu re  of  t he  d i sc  borders .  
Converse ly ,  s igns  of  a  normal  nerve  f ib re  l ayer  inc lude  nerve  fib re  s t r i ­
a t ions ,  ne rve  f ib re  opac i ty ,  obscura t ion  of  sma l l  vesse l s ,  normal  d i sc  
co lour  and  s l igh t ly  b lu r red  d i sc  borde rs .  
The  s igns  of  a t rophy  documented  he re  agree  wi th  the  observa t ions  by  
Hoyt  and  co-workers  of  s t a t i c  abnormal i t i es  in  foca l  nerve  f ibre  defec t s  
(Hoyt  e t  a l .  ,  1973) .  Therefore  i t  i s  reasonable  to  assume tha t  a  s imi la r  
evolu t ion  of  a t rophy  i s  poss ib le  a l so  wi th in  re s t r ic ted  areas  of  the  re t ina .  
I t  h as  to  be  po in ted  out ,  however ,  tha t  none  of  t he  s tages  seen  dur ing  the  
evolu t ion  of  a t rophy  in  th i s  case ,  can  be  cons idered  as  typ ica l  for  pa r t i a l  
a t rophy ,  a s  a l l  the  ne rve  f ib re s  were  damaged  s imul taneous ly  here .  
The  nerve  f ibre  l ayer  began  to  change  about  30  days  a f te r  the  in jury  and  
was  comple te ly  los t  a f te r  60  days .  This  f ind ing  i s  in  accordance  wi th  
Vogt ' s  (1921)  repor t  on  loss  of  ne rve  f ibres  s ix  weeks  a f ter  bu l le t  in ju ry  
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to  the  opt ic  nerve .  In  squi r re l  monkeys  the re  seemed to  be  a  more  rap id  
was t ing  of  n e rve  f ib res ,  perhaps  ref l ec t ing  a  spec ies  d i f f e rence  (Anderson ,  
1973) .  
D isc  pa l lo r  was  l a te r  in  appearance  and  was  no t  suspec ted  unt i l  day  60 .  
Pa l lor  was  maximal  f i r s t  a round  day  85.  Disc  pa l lo r  obvious ly  cannot  
be  asc r ibed  so le ly  to  a  d i sappearance  of  r e t ina l  nerve  f ib res  (page  7) .  
The  re t ina l  mot t l ing  was  a l so  la te  in  appearance  and  no t  maximal  unt i l  
day  85 .  The  cause  of  the  g ranu la r  appearance  i s  no t  known.  
Assessment  of  ne rve  f ibre  damage .  The  s igns  de ta i l ed  above  were  used  
in  a  sys tem fo r  reg iona l  g rading  of  ne rve  f ib re  a t rophy  descr ibed  in  paper  
I t ,  The  e f f ic iency  of  such  a  grad ing  sys tem depends  on  the  examiner ' s  
ab i l i ty  to  observe  re levant  s igns  and  h i s  ab i l i ty  to  apply  hi s  observa t ions  
to  the  g rad ing  sys tem.  Therefo re ,  in  a  separa te  inves t iga t ion  ( IV) ,  d i f ­
fe ren t  observers '  as sessments  of  a t rophy  accord ing  to  the  g rad ing  sys tem 
were  ana lysed .  F ive  ophtha lmologis t s  wi thout  formal  t r a in ing  in  ophtha l ­
moscopic  eva lua t ion  of  the  re t ina l  nerve  f ib re  l ayer  par took  as  observers .  
They  were  prov ided  wi th  a  wr i t ten  ins t ruc t ion  ident ica l  to  the  sec t ion  
"Grad ing  of  ophtha lmoscopic  s igns  of  a t rophy"  in  I I .  The  appearance  of  
the  nerve  fib re  l ayer  was  eva lua ted  in  12  magni f ied  b lack-and-whi te  fundus  
photographs .  S ix  fundus  photographs  were  se lec ted  f rom a  ser ies  of  pa ­
t ien t s  wi th  compress ion  of  the  ch iasm due  to  chromophobe  adenoma (Figs .  
2 -7  in  I I ) .  Another  s ix  photographs  were  ob ta ined  f rom ind iv idua l s  wi th­
ou t  a ny  known d i sease .  Fur ther  deta i l s  about  the  method  a re  g iven  in  IV.  
Three  of  the  s ix  p ic tures  f rom normal  ind iv idua l s  were  eas i ly  recognized  
a s  be ing  normal .  The  o ther  th ree  p ic tures  were  judged  by  some obse rvers  
to  be  normal ,  by  o thers  to  show par t i a l  a t rophy  in  some sec tors .  None  of  
the se  p ic tures  was  cons idered  to  show to ta l  at rophy  in  any  pe r ipap i l l a ry  
sec tor .  The  remain ing  s ix  p ic tu res  were  cons idered  to  show par t i a l  or  
to ta l  a t rophy  by  the  au thor  ( I I ) .  These  p ic tu res  were  never  cons idered  to  
show a  normal  nerve  fib re  l ayer  by  the  observers .  Thus ,  p ic tu res  show­
ing  a t rophy  were  eas i ly  recogn ized  by  a l l  examiners .  
One  examiner  had  g rea te r  d i f f icu l ty  than  the  o thers  in  recogn izing  a  nor ­
mal  ne rve  f ibre  l ayer  and  over ra ted  a t rophy  in  a l l  p ic tu res .  
Shaffe r  e t  a l .  (1975)  have  s tud ied  var ious  observers '  numer ica l  a ssess ­
ment  of  cup/d i sc  ra t io .  They  repor ted  tha t  the re  was  a  tendency  fo r  
ind iv idua l  sub jec t s  to  be  cons i s ten t ly  over -  o r  under  e  s t imator  s .  An im­
provement  of  the  es t imat ing  abi l i ty  by  t r a in ing  has  been  c la imed by  Shaf fer  
e t  a l .  (1975) ,  In  the  p resen t  inves t iga t ion  the  re sul t s  f rom the  second  
grading  a l so  sugges ted  a  pos i t ive  e f fec t .  
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Var ia t i ons  wi th in  and  be tween  examiners  were  mos t  obvious  in  pe r i ­
pap i l la ry  sec to rs  showing  par t ia l  at rophy .  Therefore ,  an  a t tempt  to  im­
prove  the  def in i t ions  of  pa r t i a l  a t rophy  has  been  made  ( IV) .  
Th is  s tudy  ( IV)  shows  tha t  the  appearance  of  the  re t ina l  ne rve  f ibre  l ayer  
was  access ib le  to  meaningfu l  eva lua t ion  to  mos t  of  the  examiners  and  tha t  
they  ach ieved  a  reasonab ly  un i form assessment  of  a t rophy  by  use  of  the  
g rad ing  sys t em.  
Nerve  f ib re  damage  in  ch iasmal  les ion .  S teady  s t a te  pa t i ent s  wi th  vi sua l  
defec t s  of  var ious  seve r i ty  showed a  consp icuous  var ia t ion  in  degree  and  
d i s t r ibut ion  of  s igns  of  ne rve  fib re  damage  ( I I ) .  
Par t i a l  a t rophy  of  ne rve  f ib res  in  the  nasa l  and  temporal  sec tors  occur red  
in  eyes  wi th  a  s l igh t  depress ion  in  the  upper  t emporal  fi e ld ,  In  eyes  wi th  
an  abso lu te  t empora l  f ie ld  defec t ,  to ta l  at rophy  in  the  nasa l  and  tempora l  
sec tors  was  found .  The  d i sc  borde rs  were  exposed  in  the  same areas ,  
and  there  was  some pa l lo r  in  the  cor responding  secto rs ,  somet imes  sug­
ges t ing  a  pa le  band  across  the  di sc .  In  eyes  wi th  addi t iona l  th inn ing  of  
the  a rcua te  bund les  on ly  a  cont rac ted  nasa l  vi sua l  f ie ld  was  le f t .  These  
eyes  a l so  showed a  marked  and  un i form d i sc  pa l lo r  and  sharp ly  de f ined  
d i sc  borders .  
The  degree  and  d i s t r i but ion  of  ne rve  f ibre  damage  in  the  eyes  wi th  ab­
solu te  t empora l  fi e ld  defec ts  cor respond  wi th  find ings  repor ted  by  Davies  
& Shock  (197  5)  in  a  pa t ien t  wi th  a  congeni ta l  ch iasmal  l e s ion .  I t  i s  a l so  
in  accordance  wi th  nerve  f ibre  changes  in  the  cont ra la tera l  eye  in  op t ic  
t rac t  l es ion  as  repor ted  by  Lauber  (1927)  and  Hoyt  & Kommere l l  (1973) .  
Af te r  the  p resen t  s tudy  was  comple ted ,  Vannas  e t  a l .  (1977)  have  re ­
por ted  on  nerve  fib re  changes  in  pa t i en t s  wi th  t empora l  fi e ld  defec ts .  In  
sp i te  of  t echnica l  di f f i cu l t i es ,  these  au thors  a l so  found  a  co r respondence  
be tween  absolu te  t empora l  f ie ld  defec t s  and  nerve  fibre  changes .  
Severa l  eyes  in  the  p resen t  s tudy  had  a  v isua l  f ie ld  defec t  on ly  in  the  
upper  t empora l  fi e ld ,  bu t  showed the  same degree  of  nè rve  f ib re  damage  
in  bo th  the  upper  and  the  lower  pa r t s  of  f undus .  This  d isc repancy  can  no t  
be  expla ined  a t  presen t .  Converse ly ,  when  there  were  defec t s  in  the  lower  
nasa l  fi e ld ,  a  cor responding  and  pronounced  a t rophy  in  the  upper  t empo­
ra l  a rea  was  found .  
Some of  the  eyes  showed a  pronounced  th inning  of  the  a rcua te  bundles  in  
addi t ion  to  to ta l  a t rophy  of  the  hor izonta l  s ec tors .  This  ind ica tes  damage  
to  both  c ross ing  and  non-cross ing  f ibre s .  Two of  these  eyes  lacked  nasa l  
f i e ld  defec t s .  This  seems  to  ind ica te  tha t  a  d i f fuse  loss  of  axons  mus t  no t  
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Sever i ty  of  a t rophy  
Fig .  5 .  An idea l ized  re la t ionship  (d iagona l  line)  be tween  
sever i ty  of  f i e ld  de fec t  and  sever i ty  of  a t rophy  in  s teady  
s t a te  pa t i en t s .  Pa t ien t s  wi th  ac t ive  l es ions  may have  v i sua l  
defec t s  tha t  a re  excess ive  in  re la t ion  to  the  degree  of  a t rophy  
(do ts ) ,  due  to  a  combinat ion  of  r evers ib le  conduc t ion  fai lure  
(upper  a r rows)  and  i r reve rs ib le  loss  of  axons  ( lower  a rrows) .  
The  l a t te r  l imi t s  recovery .  
necessa r i ly  a f fec t  v isua l  funct ion  as  tes ted  in  o rd inary  per imet ry .  
In  the  se r ies  of  s t eady  s ta te  pa t ient s  a l l  the  eyes  showed some degree  of  
ne rve  fib re  damage .  This  se lec t ed  mate r i a l  does  no t  a l low any  conc lu­
s ions  about  t he  inc idence  of  ne rve  f ibre  defec t s  in  ch iasmal  compress ion .  
However ,  i t  i s  wor thy  of  n o te  tha t  on ly  e ight  ou t  of  22  eyes  showed indis ­
putab le  d i sc  pa l lo r .  
A c lose  re la t ionship  was  found  be tween  the  v i sua l  f i e ld  scores  and  the  
a t rophy  scores  in  pa t i en t s  in  a  pos topera t ive  s teady  s ta te  (Fig .  5 ) .  I t  i s  
impor tant  to  po in t  ou t ,  however ,  tha t  the  scor ing  sys t ems  apply  p r imar i ­
ly  to  fa i r ly  symmetr ica l  chiasmal  l e s ions .  Because  of  the  pecu l ia r  ana­
tomy of  the  nerve  f ib re  l ayer ,  a  comple te  loss  of  f ib res  f rom the  t empo­
ra l  hemi- re t ina  wi l l  r esu l t  in  a  lower  a t rophy  score  than  a  co r responding  
damage  in  the  nasa l  hemi- re t ina .  A uni form r i se  in  a t rophy  and  fie ld  
scores  wi l l  on ly  occur  when  damage  proceeds  f rom c ross ing  to  non-cross ­
ing  fib res .  
In  pa t ien t s  wi th  ac t ive  chiasmal  compress ion ,  the  func t iona l  def ic i t  may  
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be  due  to  a  combina t ion  of  r evers ible  conduc t ion  fai lu re  and  i r revers ib le  
ana tomica l  damage .  In  such  cases ,  the  func t iona l  defec t  should  be  excess ­
ive  in  re la t ion  to  the  degree  of  a t rophy  (Fig .  5 ) .  
S ix  preopera t ive  pa t ien t s  wi th  ac t ive  ch iasmal  compress ion  -were  s tud ied  
in  th i s  regard  ( I I I ) .  In  five  ou t  of  12  eye  s  the  fi e ld  de fec t  was  propor t ion­
a te ly  too  l a rge  acco rding  to  the  s teady  s t a te  scheme ou t l ined  above .  A 
cer ta in  degree  of  v i sua l  recovery  was  expec ted  fo l lowing  su rg ica l  decom­
press ion  in  these  cases ,  p rov ided  tha t  the  degree  of  a t rophy  remained  
s tab le .  
As  predic ted ,  the  v i sua l  fi e ld  defec ts  regressed  to  a  leve l  cor responding  
to  the  degree  of  a t rophy  in  these  f ive  eyes .  In  o ne  eye  the  degree  of  
a t rophy  increased  a f te r  surgery ,  and  there fo re  the  fi e ld  de fec t  improved  
to  a  l e sse r  degree  than  in i t ia l ly  expec ted .  In  th i s  case  the re  was  a  h i s to­
ry  of  ve ry  recen t  vi sua l  impa i rment  before  su rgery .  As  demons t ra ted  in  
I ,  the  t ime  de lay  be tween  axona l  damage  and  debut  of  a t rophy  i s  a t  l eas t  
four  weeks .  Therefore ,  in te r rup t ion  of  axons  wi th in  a  few weeks  be fore  
su rgery  cannot  be  d iagnosed  un t i l  some weeks  l a te r .  
In  the  remain ing  seven  eyes  the  re la t ionship  be tween  a t rophy  and  vi sua l  
f i e ld  defec t  be fore  surgery  was  comparab le  wi th  find ings  in  the  pos t ­
opera t ive  s teady  s ta te  pa t ien t s .  The refore ,  none  or  on ly  marg ina l  v i sua l  
recovery  was  expec ted  in  these  eyes .  These  predic t ions  tu rned  ou t  t o  be  
cor rec t .  
In  th i s  s tudy  ( I I I )  t h ree  eyes  showed a  marked  pa l lo r  of  the  op t ic  d i sc .  
The  v isua l  func t ion  d id  not  improve  in  any  of  these  eyes  a f te r  surge ry .  
Th is  agrees  wi th  p rev ious  repor t s  on  d i sc  pa l lo r  as  a  s ign  of  p oor  prog­
nos i s  (Kayan  & Ear l ,  1975) .  Also  in  eyes  wi th  a  l e sse r  degree  of  ana ­
tomica l  damage  i t  i s  poss ib le  to  predic t  the  surg ica l  ou tcome of  v i sua l  
func t ion  as  showed by  th i s  s tudy:  11  ou t  of  12  p red ic t ions  were  cor rec t .  
The  grading  sys tem mus t  be  used  wi th  ce r ta in  qua l i f i ca t ions ,  however .  
Obvious ly ,  a  grea t  dea l  of  cau t ion  i s  necessa ry  when  t ry ing  to  pred ic t  
recovery  in  cases  where  de ter io ra t ion  of  f unc t ion  occurs  wi th in  a  few 
weeks  pr ior  to  surge ry .  Fur thermore ,  va r ia t ion  in  obse rver  a ssessment  
i s  unavoidab le .  Therefore ,  when  smal l  d i sc repanc ies  be tween  func t iona l  
de fec t  and  a t rophy  a re  found ,  the  p red ic t ion  mus t  be  made  cau t ious ly .  
Never the less  eva lua t ion  of  ne rve  f ib re  a t rophy  a l lows  a  more  accura te  
as sessment  of  the  degree  of  ana tomica l  damage  than  has  been  poss ib le  
p revious ly .  
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GENERAL SUMMARY 
Opt ic  a t rophy indica tes  i r revers ib le  was t ing  of  opt ic  nerve  axons .  Pre­
vious ly  descr ibed objec t ive  s igns  of  opt ic  a t rophy in  pa t ients  wi th  ch ias­
mal  compress ion have  been largely  l imi ted  to  var ious  degrees  of  opt ic  
d isc  pa l lor .  Unfor tunately  d isc  pal lor  i s  a  notor ious ly  unrel iable  s ign  of  
opt ic  a t rophy.  
Recent ly ,  changes  in  the  re t ina l  ne rve  f ibre  pat tern  have  been descr ibed 
in  var ious  d iseases  affec t ing  the  an ter ior  v isual  pathways .  These  changes  
in  the  nerve  f ibre  layer  have  been corre la ted  to  v isual  f ie ld  defects .  Al l  
prev ious  repor ts  have  concerned s ta t ic  abnormal i t ies .  
In  the  p resent  s tudy dynamic  changes  in  the  nerve  fib re  pat tern  were  
documented in  a  pa t ient  who had in jured  one  opt ic  nerve  c lose  to  the  op­
t ic  chiasm.  A to tal  loss  of  n erve  f ibre  s t r ia t ion ,  nerve  f ibre  opac i ty  and 
vascu lar  obscura t ion  occurred.  The opt ic  d isc  became pale  wi th  sharp ly  
def ined d isc  borders .  The nerve  f ibre  layer  began to  d isappear  30 days  
af ter  the  injury  and was  complete ly  los t  around day 60.  Disc  pal lor  was  
s t i l l  la te r  in  appearance .  
These  s igns  of  nerve  fib re  a t rophy were  used in  a  sys tem for  regional  
grading of  re t ina l  nerve  fib re  a t rophy in  pat ien ts  wi th  chiasmal  com­
press ion .  Dif fe rent  observers '  assessments  of  a t rophy accord ing to  th is  
grad ing sys tem were  analysed .  Fundus  photographs  showing a t rophy were  
eas i ly  recognized by the  observers .  Most  fundus  photographs  showing a  
normal  nerve  fibre  layer  were  recognized as  being normal .  Al though some 
overra t ings  were  made,  i t  can  be  concluded tha t  the  appearance  of  the  re­
t ina l  nerve  f ibre  layer  was  access ib le  to  meaningful  eva luat ion  for  most  
of  the  observers ,  and tha t  these  achieved a  reasonab ly  uniform assess­
ment  of  a t rophy.  
The degree  and d is t r ibut ion  of  nerve  f ibre  a t rophy were  s tudied  in  12 
pa t ients  wi th  d i f ferent  degrees  of  c h iasmal  damage.  They had previously  
undergone t ranscrania l  surgery  for  chromophobe adenoma and were  in  
s teady s ta te .  Al l  eyes  showed some degree  of  nerve  f ibre  damage .  Only  
e igh t  out  of  22  examined eyes  showed d isc  pal lor .  Par t ia l  a t rophy of  nerve  
f ibres  in  the  nasal  and tempora l  per ipapi l la ry  areas  occurred  in  eyes  wi th  
mi ld  degrees  of  upper  tempora l  f ie ld  defects .  An abso lute  tempora l  f ie ld  
defec t  was  assoc ia ted  wi th  to ta l  a t rophy in  the  nasal  and temporal  per i ­
papi l la ry  areas  wi th  corresponding sharp  disc  borders .  In  eyes  wi th  more  
advanced nerve  f ib re  changes ,  inc luding th inning of  the  a rcua te  bundles  
and sharply  def ined opt ic  d isc  borders ,  only  a  par t  of  the  nasa l  f i e ld  was  
le f t .  
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A close  re la t ionship  between visual  funct ion  and degree  of  anatomical  
damage was  found in  s teady-s ta te  pat ients .  These  f indings  show that  the  
s ta te  of  the  re t ina l  nerve  f ibre  layer  can  be  used as  an  objec t ive  indica­
tor  of  the  occurrence  and sever i ty  of  anatomical ,  chiasmal  damage.  
However ,  the  c lose  re la t ionsh ip  between the  degree  of  a t rophy and visual  
f i e ld  defec t  does  not  apply  in  a l l  pat ients  with  unt rea ted  les ions :  v isual  
impairment  i s  of ten  more  pronounced than could  be  expected  f rom the  
amount  of  axonal  wast ing .  The prognost ic  impl ica t ions  of  th is  discrepan­
cy were  s tudied  in  s ix  pa t ients  wi th  compress ion of  the  chiasm due to  
chromophobe adenoma.  Eyes  showing af ie ld  defec t  tha t  was  excess ive  
in  rela t ion  to  the  degree  of  a t rophy improved the i r  f ie ld  defec ts  pos t­
opera t ive ly  to  a  level  corresponding to  the  degree  of  a t rophy.  The v isual  
f ie ld  defec ts  remained unchanged in  eyes  wi th  a  c lose  correspondence  
be tween a t rophy and v isual  f i e ld  defec t  a l ready before  surgery .  Provided 
tha t  a t rophy does  not  increase  af ter  su rgery ,  s imul taneous  evalua t ion  of  
re t ina l  nerve  f ibre  a t rophy and v isual  f ie ld  defec ts  a l low an accurate  pre­
opera t ive  predict ion  of  improvement .  
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